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ABSTRACT 


The results of an 8-year fertilizer study on the New London Illustration 
Station, in Prince Edward Island, are presented. A3 X 3 X 3 factorial 
fertilizer study was laid down on potatoes each year in turn in one of four ad- 
joining fields, featuring a 4-year rotation of potatoes, oats, clover and timothy 
hay. Combinations of N, P20s and KO were applied broadcast as sub-plots 
in a split-plot design with two replicates. Manure treatments at 0 and 10 
tons per acre were analyzed as main plots. Data were calculated on the 
yield and starch content of potatoes from two complete rotation cycles. 

Manure increased the yield of marketable potatoes by 39.5 and 78.8 bu. 
per acre, respectively, in the first and second cycle of the rotation. There 
was no significant interaction of manure by fertilizer treatments. Increased 
levels of nitrogen and potassium significantly reduced the starch content of 
tubers but increased yields in proportion to the amounts applied. With 
phosphorus, no significant yield increases were noted beyond the 120-lb. 
level during the first rotation cycle. In the second cycle, significant increases 
in yield were obtained, even up to 240 lb. P:Os per acre, with no appreciable 
effect on potato quality. 

Within the scope of this study, fertilizer elements can be applied in quan- 
tities to provide economic yield increase without serious reduction of starch 
content. 


INTRODUCTION 


Two of the most popular fertilizers sold for the production of potatoes 
in Prince Edward Island are the 5-10-13 and 6-12-12 formulae. These 
mixtures are usually applied broadcast at heavy rates; applications in 
excess of one ton per acre are common. During recent years, considerable 
attention has been focused on the relationship between starch content 
and cooking quality of potatoes and the influence of potash thereon. 


In view of the importance of the potato industry to the general farm 
economy of the province, and the need for more detailed fertilizer formulae 
information with respect to the effect of plant nutrients on the yield and 
quality of tubers, long-term studies were initiated on the New |London, 
Prince Edward Island, Illustration Station in 1948. 


Chucka (2) and co-workers found that yields and, in some cases, 
chemical analyses of tubers, were affected by such factors as rate of ferti- 


‘Contribution from the Division of Illustration Stations, Experimental Farms Service. 
jResearch Officer (Agriculture) Charlottetown, P.E.1. 
Research Officer (Agriculture) Ottawa, Ont. 
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lizer application, the proportion of N, P and K in the fertilizers, manure 
applications, seasonal conditions, type of rotation, etc. 

Hawkins, Terman and Wyman (3) report that response of potatoes to 
nitrogen depends upon several factors, namely, the amount of N which 
becomes available from the soil, moisture supply, insect and disease control 
and the variety of potato. On soils low in readily soluble phosphorus, 
increases in yield were obtained by applying up to 200 Ib. of P2O;. Where 
the readily soluble phosphorus content of the soil was relatively high, no 
yield increase was obtained from applications of P greater than 80 to 120 
lb. P.O; per acre. Studies with varying rates of potassium showed little 
response from applications of more than 180 to 200 lb. of KO per acre. 

Russel and Garner (4), in studying the effect of varying rates of appli- 
cation of N, P and K, showed that yield is greatly affected by the propor- 
tions of N, P.O; and K:O used, and that the reaction of these elements is 
affected by applications of manure. 

H. Hill summarizes his research work with potatoes by saying that: 
“Results indicate that potash fertilizers only lower quality, as determined 
by dry matter, when used at rates to allow luxury consumption”’.! 


MATERIALS AND METHODS 


The land area for the study, chosen for its uniformity of soil and past 
management, is a member of the Charlottetown series which represents 
35.6 per cent of the total area of the province. The pH of the soil in the 
plot area varies from 5.4 to 6.7. A more detailed description of the series 
is reported by Whiteside (5). 


1Hill, H. Paper presented at Maritime Fertilizer Council Meeting, Fredericton, N.B. 1952. 
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Ficure 1. Effect of levels of nitrogen on yield of marketable potatoes. 
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A 3 X 3 & 3 factorial fertilizer formulae study was laid down on 
potatoes, each year in turn, in one of four adjoining fields featuring a 
4-year rotation of potatoes, oats, clover and timothy hay. The experiment 
was of split-plot design with two replicates. Combinations of N, P.O; 
and K.O, applied broadcast, were studied in 1/60-acre sub-plots and the 
effect of manure, and of no manure, was compared in the two main one- 
acre plots. Manure was applied, at 10 tons per acre, to timothy sod 
prior to fall ploughing at the beginning of the first and second cycle of the 
rotation. 

All fertilizer treatments were applied broadcast at 1500 Ib. per acre 
immediately before potato planting, each plot receiving identical treat- 
ments during the first and second cycles of the rotation. The levels of 
nitrogen studied were 45, 90 and 135 lb.; of phosphorus (P2O;) 120, 180 
and 240 lb., and of potassium (K,O) 75, 150 and 225 lb. per acre. Nitrogen 
was supplied in the form of ammonium nitrate, 33 per cent; phosphorus as 
superphosphate, 20 per cent, and potassium as muriate of potash, 60 per cent. 

Foundation Green Mountain potatoes, planted by the tuber unit 
method, were used during the first 4 years of the test. Because of the 
susceptibility of this variety to blight infection, Canso, a blight-resistant 
variety, was seeded in each range at the beginning of the second rotation 
cycle in 1952. In variety trials, at the Experimental Farm, Charlottetown, 
average yields of Canso potatoes are slightly less than those of the Green 
Mountain variety. 

Total and marketable potato yields were harvested from the two 
centre rows of each plot, each 33 feet in length, and were calculated on the 
basis of a complete stand. Each year specific gravity determinations were 
made on 10-lb. samples of tubers produced in the manured and unmanured 
sub-plots in one replication. Starch content was calculated from per cent 
dry matter after the method outlined by Bewell (1). 
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FiGurE 2. Effect of levels of phosphorus on yield of marketable potatoes. 
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RESULTS AND DISCUSSION 
First Rotation Cycle, 1948-1951 


The average total yield of all plots, from 1948 to 1951 inclusive, was 
359.2 bu. per acre. The average marketable yield was 334.8 bu. The 
results of the combined analysis of variance of marketable yield data are 
presented in Table 1. The influence of each element on marketable yield 
is shown in Figures 1, 2 and 3. The analysis of the linear and quadratic 
effects of nitrogen and potassium revealed that the trend of both elements, 
in terms of increased yield, was linear with no evidence of quadratic effect. 
This probably indicates that the maximum level of neither element had 
been applied. Phosphorus contributed little, if any, to yield increases. 

In the first rotation cycle, there was a significant interaction between 
levels of nitrogen and phosphorus. This interaction is difficult to explain. 
However, it is evident that increased levels of phosphorus, when combined 
with high levels of nitrogen, caused decreased yields. This is shown in 
Figure 4. 

The treatments X years interaction was highly significant, and an 
analysis reveals that it was due to the differential potato response to 
increased levels of nitrogen and potassium from year to year. These 
interactions may be explained by the more severe effect of blight on the 
more vigorous plants in 1951. 

Manure provided a highly significant increase in the yield of potatoes 
over the 4-year period. Moreover, there was a highly significant inter- 
action between manure and years. This interaction result may be attrib- 


430 


S2-'55 et ee eee eee — om owe oe aes owe oe 


410 
” 
— 
x 
“% 390 
2 
@ 
> 370 
= 4 eee ewe weer 
WwW a 
a2 350 
2 - ; 
a2 330 
WJ 
a 
. 310 
= 
NO MANURE 
270 





75 LB. ISO LB. 225 LB. 


Ficure 3. Effect of levels of potassium on yield of marketable potatoes. 
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TABLE 1.—COMBINED ANALYSIS OF VARIANCE—MARKETABLE POTATOES 
1948-1951 AND 1952-1955 





Significance of Effect 





Source of variation Yield Per cent starch 
1948 - 1951 | 1952 - 1955 | 1948 - 1951 | 1952 - 1955 
Years xX X xX xX xX 
Replications xX xX = i 
Treatments XX xX xX xX 
N xX Xx X XX — 
Nu xX xX xX — 
Ne — — x — 
P _ XX —_ — 
Py — xX ~ — 
Pa - — — x 
K xX X XX xX xX X 
Ki XxX XX XX xXx xX 
Kg — XX — on 
N XP 4 — — — 
Years X Treatments xX — _ — 














X Significant at 5 per cent point 

X X Significant at 1 per cent point 

uted to higher blight incidence in 1951, during which the more leafy 
plants were most severely affected. The effect of varying levels of N, P 
and K, with and without manure, on marketable yields, is shown by rota- 
tions in Figures 1, 2 and 3. There was no significant interaction between 
manure and fertilizer treatments. 


The results of the combined analysis of starch content determinations 
(using year interactions for error) for the first rotation cycle are presented 
in Table 1. Increased levels of nitrogen and potassium had a highly 
significant effect on the reduction of starch. This reduction is in the order 
of 0.64 per cent for low versus high level of nitrogen, and 1.10 per cent 
for low versus high level of potassium. The effect of the various elements 
on starch content is illustrated in Figure 5. The effect of nitrogen is 
highly significantly linear and significantly quadratic, thereby emphasizing 
the levelling off shown in Figure 5. The effect of potassium is highly 
significantly linear, indicating that a further reduction of starch content 


is possible with further increases in potassium levels when applied in the 
muriate form. 


Second Rotation Cycle, 1952-1955 


The average total yield of potatoes, for all plots, 1952 to 1955 inclusive, 
was 385.1 bu. per acre. The average marketable yield was 370.3 bu., 
an increase of 35.5 bu. per acre over the preceding 4-year period. The 
results of the combined analysis of variance of marketable yield data are 
presented in Table 1. 
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Ficure 4. Effect of levels of nitrogen X phosphorus on yield of marketable 
potatoes, 1948-1951. 
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Figure 5. Effect of levels of N, P and K on starch content of potatoes, 1948-1951. 


The analysis of the linear and quadratic effect of nitrogen reveals 
that the trend, in terms of increased yield, was linear with no evidence of 
quadratic effect. This indicated that the maximum level of nitrogen had 
not yet been reached. 

Phosphorus reacted differently in the second cycle of the rotation. 
The effect of increased levels of phosphorus was highly significantly linear 
with no evidence of quadratic effect. This change in effect is illustrated 
in Figure 2. 

In the second cycle of the rotation, increased levels of potassium were 
not as effective in increasing yields as in the first cycle. The effect was 
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Ficure 6. Effect of levels of N, P and K on starch content of potatoes, 1952-1955. 


still highly significantly linear, but was also highly significantly quadratic. 
The quadratic effect of increased levels of potassium, illustrated in Figure 
3, indicates a build-up of potassium in the soil. This effect was more 
pronounced where manure was applied. 

Manure provided a highly significant increase in the yield of potatoes 
over the 4-year period. The beneficial effect of manure was even more 
pronounced in the second cycle of the rotation than in the first cycle. 
This is clearly shown in Figures 1, 2 and 3. 

The results of starch determinations, 1952 to 1955, as presented in 
Table 1, reveal that the effect of fertilizing elements was somewhat different 
from those obtained in the first cycle. The potassium effect was the same, 
but nitrogen had no over-all significant effect in reducing the percentage 
of starch as it did in the first cycle. Increased rates of nitrogen reduced 
starch content of tubers each year during the first cycle of the rotation, 
but reduction occurred in only 2 of the 4 years of the second rotation 
cycle. The effect of phosphorus, as illustrated in Figure 6, is of an unusual 
nature, in that the per cent starch is higher at the low and high levels than 
at the medium level. An average reduction in starch of only 0.03 per 
cent followed the application of manure. 

Within the scope of this study, manure and fertilizer elements can 
be applied in quantities to provide economic yield increase without serious 
reduction of starch content. 


ACKNOWLEDGEMENT 


The authors wish to express their thanks to H. B. Cannon, Division 
of Horticulture, for his advice on the design of this experiment. 


REFERENCES 


1. Bewell, E. R. The determination of the cooking quality of potatoes. Amer. Potato 
J. 14: 235-242. 1937. 

2. Chucka, J. A., A. Hawkins, and G. E. Brown. Potato fertilizer - Rotation studies on 
Aroostook Farm, 1927-1941. Maine Agr. Expt. Sta. Bull. 414. 1943. 

3. Hawkins, A., G. L. Terman, and O. L. Wyman. Efficient fertilization of potatoes in 
Maine. Main Extension Bull. 373. 1948. 

4. Russell, E. J., and H. V. Garner. The Rothamsted experiments on the manuring of 

_ potatoes, Part 1. Empire J. Exptl. Agr. 9: 195-235. 1941. 
5. Whiteside, G. B. Soil survey of Prince Edward Island. Can. Dept. Agr., Exptl. 
Farms Service. 1950. 


TOLERANCE OF ALFALFA TO MANGANESE TOXICITY 
IN SAND CULTURE! 
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Canada Department of Agriculture, Ste. Anne de la Pocatiére, Quebec 
[Received for publication April 12, 1957] 


ABSTRACT 


Two groups of alfalfa varieties and crosses were grown in nutrient solutions 
containing two levels of manganese: 0.5 and 25 parts per million. Significant 
differences between varieties in their ability to tolerate manganese toxicity 
were observed. Promising individuals from the variety trial were selected for 
strain building. Some resulting crosses were found to be highly tolerant to 
the toxic level of manganese. This character appears to be inherited. 


INTRODUCTION 


It is a well established fact that alfalfa is unable to tolerate fairly high 
degrees of soil acidity. Alfalfa, growing on strongly acid soils, develops 
very slowly and does not survive very long. Some of the factors responsible 
for this conditions are known, but their relative importance has been a 
subject of discussion by many workers. Therefore, one of the various 
theories which have been formulated deals with the presence of high con- 
centrations of soluble salts and lower oxides of manganese and aluminium 
in acid soils. Manganese toxicity has been recognized by numerous investi- 
gators (1, 2, 5, 6, 8, 13, 14, 16, 17, 18, 19) as one of the most important 
factors limiting the growth of some plant species, such as alfalfa, on acid soils. 

Soil acidity, in spite of its great complexity, can be corrected satis- 
factorily in most instances by the addition of neutralizers. This simple 
means of chemical and physical improvement has impeded to a certain 
extent the impetus for a search towards an inherited tolerance of legume 
species to soil acidity. There is little specific evidence in the literature that 
such a tolerance is an inherited trait. Attempts to develop a breeding 
program for tolerance to soil acidity may prove a difficult undertaking due 
mainly to the complexity of the character itself and to a serious lack of 
genetic information on that subject. Fortunately, tolerance to manganese 
toxicity appears to be a more simple physiological character and stands as 
a logical approach to the search for alfalfa tolerant to conditions usually 
found in acid soils. Differences between species in their tolerance to man- 
ganese toxicity (3, 6, 7, 12, 15) may be interpreted as preliminary evidence 
indicative of some possibility for the genic transmission of this character. 
Differences within species have also been reported (9, 12, 13). The purpose 
of the present investigation was to appraise the degree of variability of 
alfalfa towards manganese toxicity and to gather further evidence on the 
heritability of the tolerance to that condition. 


MATERIAL AND METHODS 


A first trial of 13 varieties and a second of 9 crosses were grown under 
glass in sand cultures containing two different concentrations of manganese: 
0.5 and 25.0 parts per million. The low level is considered normal, whereas 
the high level is definitely toxic to known varieties of alfalfa. 





Contribution from the Forage Crops and Field Husbandry Divisions, Experimental Farms Service, 
Canada Department of Agriculture, Ottawa, Ont. 


*Research Officers in Forage Crops Breeding and Soil Fertility, respectively, Experimental Farm, Ste. Anne 
de la Pocatié@re, Que. 
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The basic nutrient solution used was essentially Hoagland-Berger’s, 
with the major elements supplied from the following four salts: KH2PQ,, 
Ca(NOs)2.4H2O, NH4NOs, and MgSO,.7H:O. Manganese, zinc and copper 
were supplied as chloride salts, iron as ferric citrate, boron as boric acid and 
molybdenum as ammonium molybdate. Essentially, the nutrient solution 
was buffered at pH 4.7. It is believed that almost all the manganese added 
remained soluble under such conditions of acidity. The nutrient solutions 
were renewed once a week, and distilled water was added daily to replace 
the amounts lost by transpiration and evaporation. 


Among the entries included in the first trial, eleven varieties had been 
introduced by the Forage Crops Division, They were the following: 


Introduction 
number Variety Origin 
1943-264 Daehnfeldt Denmark 
1943-277 _— Germany 
1943-321 Socheville France 
1943-322 Chartainvilliers France 
1943-324 W-268 France 
1943-325 Flandria France 
1943-326 De Pays France 
1943-336 Du Puits France 
1943-398 Frankenwarte Germany 
1943-405 Rheinheissische Germany 
1943-445 Saurelucerne Germany 
-- M-50 Ottawa 
— Vernal Wisconsin 


It should be noted that the last introduction, 1943-445, originated from the 
Max-Planck Institut and had been selected for adaptation to low pH. The 
other two varieties included in the first trial were M-50 and Vernal. M-50 
is a selection, developed at the Forage Crops Division of the Central Experi- 
mental Farm, Ottawa, from Du Puits alfalfa and traces to the bulked seed 
of plants which survived severe winter conditions. Vernal is a wilt-resistant 
variety of desirable agronomic characters which was recently developed and 
released by the Wisconsin Agricultural Experiment Station at Madison, Wis. 


At the end of the first trial the most tolerant individuals from the most 
tolerant varieties were selected and crossed. Plants selected were the 
following: 264(2) out of 1943-264, 264(3) out of 1943-264, 277 out of 
1943-277, 325 out of 1943-325, 326 out of 1943-326, and 445 out of 1943-445. 
The resulting 9 crosses were grown again on two levels of manganese in 
comparison with a diploid strain of Medicago falcata, Ac-499, introduced 
from the Genetics Department, University of Wisconsin. 


The treatments were replicated four times in both trials. The first 
one was seeded on January 19, 1954, directly in sand cultures placed in 
one-gallon glazed earthenware crocks. One month later, the plants were 
thinned to 5 in each crock. The yield data were collected on the 5 plants 
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together. The second trial was seeded in vermiculite on January 9, 1956 
and 7 days later 4 plants per crock were transplanted to sand cultures. 
All data, such as yield in grams, height, date of flowering, symptom ratings, 
were collected from each plant individually. The 4 plants in each crock 
were harvested when approximately 50 per cent of the plants in the whole 
experiment were in bloom. Crosses were rotated weekly into a new loca- 
tion. Yield of green matter was used as a criterion for tolerance to man- 
ganese toxicity. Supplementary light was provided to give a 16-hour 
day-length. 


EXPERIMENTAL RESULTS AND DISCUSSION 


In the first trial, alfalfa was cut seven times and the yields of green 
matter per crock are recorded in Table 1. The toxic level of manganese 
depressed the yield of alfalfa with successive cuttings. As illustrated by 
the rapid decrease of the relative yield observed at the second and third 
cuttings, the yield depression in this instance has been fairly drastic. These 
results are in agreement with earlier findings (15). After the seventh cutt- 
ing several plants were dead as a result of manganese toxicity. 


TABLE 1.—YIELDS OF 13 VARIETIES OF ALFALFA GROWN IN TWO 
CONCENTRATIONS OF MANGANESE 


























| Dates of cutting | 
Varieties | Soluble ~ — - — Mean (Relative 
Mn April May June July Sept. Oct. | Dec. yield 
p.p.m. | 2 7 25 30 3 | 30 29 
ae enaeeee . — a ; = 
| 
1943-445 es | -4i.2 80.8 127.6 | 97.4] 86.2 118.2 | 69.2 | 88.6 100 
25 |} 62.7 66.9 60.1 | 43.4 32.6 | 28.0 6.9 | 42.9 | 48 
| | | 1 1 
1943-322 0.5 | 49.9 80.6 142.3 99.9] 88.9 | 116.7 | 65.2 | 91.9 100 
25 | 68.9 | 64.7 55.8 37.4 29.4 31.2 m.2 | 2.3.1 46 
1943-277 0.5 | 44.6 68.8 133.4 | 102.4 | 85.6 110.4 | 63.8 87.0 | 100 
25 70.5 48.4 44.7] 21.6] 24.4 26.5 | 10.8 eS ae 40 
| 
1943-325 0.5 39.4 75.8 130.8 | 108.6] 95.1 111.8] 55.9 | 88.2 100 
25 52.9 41.5 37.4 31.2] 25.9 | 23.4] 8.8 | 31.6 36 
| | i 
1943-264 0.5 53.4 | 80.8 146.7 108.2 86.9 102.7 67.1 | 92.2 100 
| 2s 50.3 | 45.8 32.9 27.6 | 24.4 | 24.2 10.2 30.8 | 33 
| 
1943-321 | 0.5 | 49.0 77.1 133.6 | 108.2 87.9 | 111.2 | 57.6 | 89.2 | 100 
| 25 | 73.6 | 49.2 44.5| 10.4] 9.3 Va 2: 32 
1943-336 | 0.5 | 49.3 | 78.0 126.7 103.0 | 92.8 114.6 | 59.4 | 89.1 100 
| (2s | 58.8 | 49.5 | 38.8] 21.3] 15.3 14.2 3.4 | 28.8 32 
1943-398 | 0.5 | 41.5 | 74.2 132.0 | 105.4] 88.2 108.7 | 62.3 87.5 | 100 
| 25 63.5 | 45.0 | 40.2] 14.4] 12.2 }| 12.2 5.1 37.5- | 31 
1943-326 | 0.5 | 53.9 | 84.6 | 135.2] 107.9] 84.7 123.6 | 67.9 | 94.0 100 
| 25 38.6 34:7 | (30:61 S4:6:|. 25:6 | “22.91. 20:9 29.2 31 
| | | 
1943-324 | 0.5 46.1 78.8 137.0 | 115.0 | 95.7 122.4 | 68.4 94.8 100 
| 9s | 66.5 45.1 | 32.6 18.6 | 21.0 12.6 3.6 28.6 30 
M-SO | 0.5 61.2 93.1 | 143.2] 100.2] 93.5 120.7 | 70.9 97.5 100 
25 57.8 40.6 | 29.6) 19.4 16.1 18.3 8.2 27.1 28 
m 
Vernal | 0.5 38.5 59.0 | 114.0 81.1 | 64.3 75.4 | 39.6 67.4 100 
1) 2s 50.4 2658-3555 8.4 7.3 9.4 4.6 18.9 28 
| 
1943-405 O:5 | 36.0 74.5 | 128.7| 108.3] 80.2 109.3 | 64.6 86.4 100 
12s | 51.9 | 34.4 25.2 15.0 | 11.2 10.8 4.0 21.8 25 
peer 5 ee ee ete ia 
Average 0.5 | 46.7 77.4 | 133.2 | 103.5 | 86.9 111.2 | 62.4 - 
25 | 59.0 45.6 | 39.0 | 23.1 19.6 18.5 6.9 -~- 
| 
Relative 0.5 | 100 100 | 100 100 100 100 woe = } = 
yield a is 9 | 29 22 22 16 11 — | - 
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An unexpected response to the high concentration of manganese was 
observed at the first cutting. The yields of alfalfa were approximately 
25 per cent higher on the high concentration of manganese than on the 
normal concentration of 0.5 part per million. Moreover, the beneficial 
effect of the toxic level of manganese on the first growth of alfalfa has been 
rather spectacular and consistent in this trial. In fact 10 varieties out of 
13 benefited from the high concentration of manganese at the first cutting. 
It is quite possible that manganese was not present in sufficient amounts in 
the plant to be toxic until after the first cutting, the amounts being still 
conducive to optimum germination of seeds, greater carbon assimilation or 
the improvement of any other metabolic function on which manganese has 
any effects. In this connection, Fellers (4) found that MnSQ, stimulated 
germination and early growth of soybeans in the soil; but he was unable to 
determine whether the beneficial effect was derived from the SO, anion or 
Mn cation. From their observations on the effect of manganese on the 
germination of seeds, Michiels and DeHeen (11) considered that manganese 
has a role in enzymic action. 

The varietal response of alfalfa to the two levels of manganese is shown 
in Table 1. The average relative yields indicate differences among varieties 
in the ability to tolerate a high concentration of manganese in the sand 
culture solution. However, in a few varieties, the comparative degree of 
tolerance to manganese toxicity changed with dates of cutting. The relative 
yield of two varieties, 1943-321 and 1943-336, was classified above the aver- 
age on May 7, but well below average on December 29. On the other hand 
another variety, 1943-326, rated as susceptible on May 7, was among the 
most tolerant ones on December 29. It is difficult to determine whether 
the differential rating of tolerance at different dates of cutting is due to a 
seasonal effect or to the age of the plant. Williams and Vlamis (20) re- 
ported that light intensities affected the yield, Mn uptake of plants and 
the appearance of necrotic symptoms in barley. Lohnis (10) had also 
observed seasonal effect on manganese injury. 

The most tolerant variety was 1943-445. This variety, Saureluzerne, 
is claimed to have been selected for tolerance to soil acidity. The fact 
that this German introduction did prove tolerant to manganese toxicity 
might encourage speculation towards the hypothesis that tolerance to 
manganese toxicity is very likely to be associated with tolerance to acid soils. 

At the completion of this first trial a few plants were still somewhat 
vigorous in spite of the toxicity and the symptoms were also less acute. 
These were selected and intercrossed. The resulting nine crosses were 
compared in a second trial. A diploid strain of Medicago falcata, Ac-499, 
was also included in this trial. This strain was found very sensitive to man- 
ganese toxicity. It died shortly after the first cutting had been removed. 
The yields of all crosses for each cutting date are given in grams of green 
matter per crock in Table 2. The yields in crocks receiving 25 parts per 
million of manganese were lower than in those receiving 0.5 part per million. 

The depressive effect of manganese was greatest at the second cutting 
as illustrated by the relative yield for the season. Average yields on the 
normal concentration increased up to the third cutting after which they 
decreased gradually. These yield changes are apparently due to the time 
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TABLE 2.—YIELDS OF 9 CROSSES OF ALFALFA GROWN IN TWO 
CONCENTRATIONS OF MANGANESE 























Dates of cutting 
Soluble = Relative 
Crosses Mn March | April June July Aug. Oct. Dec. Mean yield 
p.p.m. 20 30 8 18 31 16 6 
| a 

264(3) X 277 0.5 82.2 125.8 126.3 117.6 79.0 79.6 66.8 96.8 100 
25 75.3 97.4 | 126.5 106.3 84.9 79.2 76.4 92.3 95 

264(3) X 325 0.5 64.3 98.2 108.7 100.3 72.3 71.0 67.6 83.2 100 
25 76.2 84.7 81.5 81.9 71.9 79.8 65.0 77.3 93 

277 X 326 0.5 69.5 125.6 110.2 124.5 80.0 80.6 69.2 94.2 100 
25 55.8 60.5 78.3 90.4 66.9 66.0 55.3 67.6 72 

264(3) X 445 0.5 60.9 114.8 123.9 100.6 83.1 76.0 60.4 88.5 100 
25 61.0 49.9 66.4 69.0 58.4 54.2 48.4 58.2 66 

277 X 445 0.5 64.4 104.8 103.8 100.6 81.0 | 79.8 69.4 86.2 100 
25 54.6 53.4 66.2 72.8 54.4 49.8 44.3 57.1 66 

264(2) & 445 0.5 63.1 87.0 | 94.5 | 93.6 67.5 63.2 61.4 75.3 100 
| 25 53.5 42.0| 63.0] 72.7] 54.0 | 53.2 48.0 | 55.2 73 

325 X 326 0.5 58.2 92.0 101.5 107.6 66.0 60.6 61.8 78.2 100 
25 49.6 42.1 60.4 73.4 54.2 49.5 39.3 52.6 67 

326 X 445 0.5 59.8 96.3 102.7 100.8 2 i es 67.8 83.2 100 
25 35.7 33.3 | 48.8 58.6 $5.2 48.0 43.8 46.2 56 

325 X 445 0.5 54.9 86.6 88.8 73:8 1 38.2 64.1 59.3 69.4 100 
25 54.6 35.1 | 47.2 | 49.4 43.0 38.1 32.5 42.8 62 

Average 0.5 64.1 103.4 106.4 | 102.2 73.9 72.4 64.8 | — -— 
25 57.4 55.4 70.9 75.4 60.3 57.5 50.3 _ — 

} 

Relative 0.5 100 100 | 100 100 100 100 100 — _ 
yield 25 90 54 67 “a 82 79 78 _ _— 





























of the season at which the plants grew and the consequent conditions of 
light. The percentage of yield reduction caused by manganese toxicity 
was the greatest at the second and third cuttings. Differences in maturity 
can hardly account for this greater yield reduction, although the percentage 
of blooming plants was relatively low just prior to the third cutting. In 
contrast with observations made in the first trial, manganese toxicity was 
less severe at the seventh than at the third cutting. This contrasting re- 
sponse is assumed to result from the effect of selection, since the plants 
used had already undergone selection once before. Plant performance at 
the last cutting date had been the main criterion of selection. 

The 9 crosses studied did not tolerate manganese toxicity to the same 
degree. If the yield of green matter is taken as a criterion of tolerance, the 
best performance was recorded for the following 2 crosses: 264(3) X 277 
and 264(3) X 325. In fact a high level of manganese did not reduce growth 
to a great extent in these 2 crosses, as evidenced by the relative yield for 
all cuttings. Some yield reduction due to manganese toxicity occurred at 
the second cutting for cross 264(3) X 277. In the case of 264(3) X 325, 
the greatest yield reductions occurred at the second, third, and fourth 
cuttings. These 2 crosses are considered as highly tolerant to manganese 
toxicity. 

When the relative yield of crosses recorded on April 30 is compared 
with that of December 6, the ratings of tolerance to manganese toxicity 
are found to agree. It is true that most of the parental plants with the 
exception of 326 originated from varieties which had the same tolerance 
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ratings in the spring as in the fall. It would appear from the latter evi- 
dence that the degree of tolerance of alfalfa strains to manganese toxicity 
might be determined without carrying on the trial to the seventh cutting. 
However, where persistency under high level of manganese is desirable, 
a longer trial would bring valuable information. Further investigations 
are needed to determine the length of trial. 

Symptoms of manganese toxicity and yield reductions due to that 
toxicity were generally less severe on the crosses than on the varieties used 
in these investigations. Whether this was entirely a result of selection 
cannot be ascertained at this time. There is evidence to indicate that 
tolerance to manganese toxicity is an inherited trait. The differential 
response of alfalfa varieties is quite marked. Furthermore, there is enough 
variability within varieties to warrant selection for this presumably desir- 
able character. 
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ABSTRACT 


Organic matter was extracted from the Bx horizon of a podzol soil by both 
0.5 per cent HF and 0.5 per cent HCl. Dialysis of the extracts against 
distilled water reduced the halogen content to less than 0.1 per cent and 
the iron plus aluminium to between two and three millimoles per gram of 
organic matter. Further treatment of this water-dialysed material with 
EDTA and 8-hydroxyquinoline removed almost all of the iron and about 
two-thirds of the aluminium. 


The number average molecular weight of the organic matter, as deter- 
mined by osmometry, ranged between 47,000 and 53,800. Paper electro- 
phoresis studies showed that this organic matter consisted chiefly of one 
component, negatively charged, dark-brown in colour and mobile over the 
pH range investigated (1.8 — 9.0). Only traces to small amounts of 
glucose, galactose, arabinose and xylose were detected by paper chromato- 
graphy in both the HF and HCI extracts even after hydrolysis. In addition 
traces of rhamnose were found in the hydrolyzed HF extract. 


INTRODUCTION 


Further advancement in an understanding of the podzolisation process 
is contingent upon acquiring more information on the constitution of the 
organic matter participating in profile development. 


One approach to the problem is the isolation and study of organic 
matter that has accumulated along with sesquioxides in the B horizon of 
podzols. The extraction of organic matter from podzol soils by treatment 
with dilute inorganic acids has been described previously (8, 9). This 
paper is a report on a preliminary study of some properties of the organic 
matter isolated from the Be; horizon of the Armadale profile, a description 
of which has been published earlier (9). 


PROCEDURE 


Organic matter was extracted by the method described by Schnitzer 
and Wright (9) except for a reduction of the extractant-soil ratio from 
50:1 to 10:1 and agitation of the mixture for 24 hours with an electric 
stirrer. Both 0.5 per cent HF (v/v) and 0.5 per cent HCI (v/v) were 
used as extractants. After extraction of the organic matter some of its 
characteristics were investigated by techniques such as dialysis, osmometry, 
electrophoresis and chromatography. 





1Contribution No. 365, Chemistry Division, Science Service, Canada Department of Agriculture, Ottawa, 
Ont. 
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Dialysis 

In the dialysis experiments, 100 ml. of acid extract was transferred 
to Visking tubes, 1} in. in diameter, and about 250 ml. volume. The 
dialysing tube and contents were placed in a litre graduated cylinder 
containing about 700 ml. of distilled water. The dialysate was replaced 
with distilled water at 24-hour intervals and was analysed for iron, alu- 
minium and carbon. Dialysis was continued until the amounts of these 
elements in the dialysate became negligible. 

After dialysis against distilled water, a portion of the HF extract as 
well as one of the HCl extract was then dialysed against 0.5 per cent 
ethylenediaminetetracetic acid (EDTA) solution. The dialysate was 
analysed for iron and aluminium but not for carbon. After the EDTA 
treatment the material inside the bag was again dialysed against distilled 
water to remove the EDTA. 

Another portion of the water-dialysed HF extract was shaken with 
8-hydroxyquinoline in chloroform. The extraction of metals was carried out 
as follows: 100 mg. of vacuum-dried extract was dissolved in 25 ml. of 
distilled water. The resulting solution was adjusted to and maintained 
at pH 5.0 with dilute NaOH and shaken in a 125 ml. separatory funnel 
with successive 25 ml. portions of 0.1 M 8-hydroxyquinoline in chloroform 
until absorption spectra of the chloroform solution in a Warren Spectracord 
showed no further indications of the presence of oxine-aluminium or -iron 
complexes. As judged from the absorption spectra of the chloroform 
phase and also from the colour of the aqueous phase, no significant amounts 
of organic matter passed into the organic layer. The oxine-extraction 
was carried on intermittently for 3 months, allowing for the possibility of 
a slow rate of reaction between the metals in the dialysed extract and the 
dkine. At the end of this time the organic matter was destroyed by wet 
oxidation and the residue analysed for iron and aluminium. 


Molecular Weight Determinations 


Number average molecular weights were determined by osmometry 
rather than by techniques relying on optical measurements because osmotic 
measurements require relatively simple apparatus and the dark colour of 
the extracts does not interfere. 

The osmometers employed were replicas of those used by Donnan 
and Rose (1). Membranes were prepared according to Mallette (6). 
All pressure measurements were made at 9°C. The performance of the 
osmometers was checked by determining the number average molecular 
weight of bovine plasma albumin*. The molecular weight found was 
66,500, in good agreement with data published by Mallette (6) for the same 
protein. The water-dialysed 0.5 per cent HF extract was dried under 
vacuum at room temperature. Calculated amounts of the dried material 
were dissolved in 0.15 N NaCl to give a series of increasing concentrations. 
The osmometers were filled with the same salt solution and the mem- 
branes, containing organic matter and salt solution, were fitted in place. 
At the end of each determination suitable aliquots of the sample solution 
were dried under vacuum at room temperature and analysed for carbon. 


*Armour Research Division, Chicago, III. 
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All concentrations were expressed in grams of organic matter (C X 1.724) 
per 100 ml. of solvent. 


Number average molecular weights of three separate acid-extracted 
organic matter preparations were determined by extrapolating the osmotic 
pressure per unit concentration to zero concentration. The number 
average molecular weight was then calculated from the equation: 


RT 239,418 


= ° 
M, = lim P/C = lim P/C at SC. 
Cc—=—o c—— 0 
where 
M, = number average molecular weight 
R = gas constant 
T = absolute temperature 
P = pressure in centimetres of water at 9°C. 
C = concentration of organic matter in grams per 


100 ml. of solvent. 


Paper Electrophoresis 


In paper electrophoretic experiments, strips of Whatman 3MM 
filter paper, 22 in. X 2 in. were placed between sheets of plate glass, 16 in. 
X 8in. The ends of the paper strips were dipped into buffer or electrolyte 
solution contained in 400-ml. beakers. The latter were connected through 
paper wicks to 400-ml. beakers containing the same solutions plus elec- 
trodes. A number of weights totalling about 50 lb. were placed equi- 
distantly on top of the glass plates in order to aid in the formation of thin 
continuous moisture films between the paper and the glass plates. Aliquots 
of 0.06 ml. of a 5 per cent aqueous solution of the water-dialysed 0.5 
per cent HF extract were pipetted as strips across the centre of the paper. 
One thousand volts were applied from a ‘“Shandon’’ power pack. The 
current varied from 5 to 20 milliamperes, depending on the buffer or electro- 
lyte. The duration of runs varied from 10 to 90 minutes. Buffers or 
electrolytes were prepared at an ionic strength of 0.05, except for the phos- 
phate buffer which was also prepared at an ionic strength of 0.10. Mobili- 
ties were calculated by measuring the distance on the paper strip which a 
given band moved from the starting line within a given period of time, 
and taking into account the applied voltage. 


Paper Chromatography 


For the chromatographic detection of sugars, 100 mg. of air-dried 
material was hydrolysed with 5.0 ml. of 1N H2SO, in a sealed glass tube 
for 6 hours at 100°C. The hydrolysate was carefully neutralized with 
BaCO; to the Congo red endpoint. The BaSO, was separated by centri- 
fugation and aliquots of the supernatant, after concentration under vacuum 
at room temperature to small volume, were spotted on Whatman No. 1 
filter paper. The chromatograms were irrigated for 3 days with pyridine- 
butanol-water (6:4:3) and then sprayed with aniline phthalate (7). For 
the detection of uronic acids the neutralized solutions were poured into 
ethanol. The precipitated barium salts were hydrolysed with 2N H:SOs; 





—————EE~ow 
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at 100°C. for an additional 7 hours in accordance with Forsyth’s (3) recom- 
mendations and then chromatographed in ethyl acetate-pyridine-water- 
acetic acid (5:5:3:1) as proposed by Gee and McCready (4). Also, some 
of the material was analysed for sugars without previous hydrolysis with 
sulphuric acid. In this case the material was dissolved in a minimum of 
water, spotted and chromatographed under the conditions described 
above. 


Analytical Methods 

Iron was determined with o-phenanthroline (10), aluminium with 
Eriochrome Cyanine-R (5) and carbon manometrically according to Van 
Slyke and Folch (12) using the Van Slyke-Neill apparatus. Measure- 
ments of pH were made with a Beckman model G pH meter, using a calomel 
and a glass electrode. In addition, carbon, hydrogen and nitrogen deter- 
minations on a number of samples were made in Dr. Dietrich’s micro- 
chemical laboratory in Zurich, Switzerland. 


RESULTS AND DISCUSSION 

Dialysis 

In agreement with earlier findings (9), the data shown in Table 1 
establish 0.5 per cent HF as a considerably more efficient extractant of 
organic matter than 0.5 per cent HCl. The pH values of both acid ex- 
tracts were about 2.0. On dialysis most of the HF and HCl diffused out, 
the halogen content of the residues decreased to the 0.1 per cent level and 
their pH values increased to 3.1 and 3.8 respectively. 


Table 1 also shows that 0.5 per cent HF extracted more material of 
high molecular weight than 0.5 per cent HCI as indicated by the respective 
percentages of organic matter not dialysing out. A comparison of the 


TABLE 1.—SOME CHARACTERISTICS OF ACID-EXTRACTED ORGANIC MATTER 
BEFORE AND AFTER DIALYSIS AGAINST DISTILLED WATER 

















Extractant 
0.5% HF 0.5% HCl 
Grams of organic matter extracted by one litre of acid 
from 100 g. of soil 5.00 2.89 
pH of original extract a3 1.9 
PH of dialysed residue 3.1 3.8 
Organic matter in dialysed residue as per cent of total 
extracted 60 28 
Millimoles of Al per g. of organic matter in original] 
extract 6.87 4.92 
Millimoles of Al per g. of organic matter in dialysed) 
_ residue 1.74 1.90 
Millimoles of Fe per g. of organic matter in original 
_. extract 1.16 0.23 
Millimoles of Fe per g. of organic matter in dialysed 
residue 1.14 0.12 
C/H ratio in dialysed residue 8.63 8.28 
C/N ratio in dialysed residue 47.25 22.60 
C/N ratio in dialysate 10.10 3.22 
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number of millimoles of aluminium per gram of organic matter in the 
original extract and in the dialysed residue (material inside bag) shows 
that on dialysis against distilled water the former lost large amounts of 
aluminium which apparently were not associated with the organic matter. 
These were evidently present in considerable excess, brought into solution 
through the presence of relatively large amounts of HF and HCl. Com- 
pared with previous experiments (8, 9), the ratio of extractant to soil was 
reduced from 50:1 to 10:1 in the present investigation. This reduced 
the amount of aluminium extracted by a factor of approximately three 
and that of iron by approximately two without changing appreciably 
the amounts of organic matter brought into solution. Further reduction 
in the extractant-soil ratio might lower the amounts of excess metals 
relative to organic matter in the extracts. In the dialysed residues the 
number of millimoles of aluminium per gram of organic matter were of the 
same order of magnitude for both extractants. This suggests the estab- 
lishment of a relatively stable equilibrium between the metal and the organic 
matter, probably in the form of organo-metallic complexes. The same 
argument appears to be supported by the constancy of the number of 
millimoles of iron per gram of organic matter in the original extract and 
in the dialysed residue with 0.5 per cent HF as extractant. When 0.5 
per cent HCI was used, the iron-organic matter ratio was reduced on dialysis 
by a factor of almost two, which again points to the presence of uncombined 
iron in the original extract. There was close agreement in the C/H ratio 
regardless of extractant. This high ratio might be indicative of the pre- 
sence of highly unsaturated structures. A comparison of the C/N ratios 
in the dialysate and dialysed residue indicates the passage of appreciable 
amounts of nitrogenous compounds through the membrane in the case 
of both extractants. 


The relative stabilities of the organic matter-metal complexes are 
reflected in the data shown in Table 2. Both complexing agents removed 
about 90 per cent of the iron of the HF extracts. The amounts of alumin- 
jum removed under similar conditions were significantly lower. This 
might be indicative of the presence of more stable aluminium- than iron- 
organic matter complexes which prevented the extraction of aluminium 
by the complexing agents. This matter is at present under further investi- 
gation. With the HCl extract, EDTA removed most of the iron and a 
major portion of the aluminium. Also here there is some evidence of 


TABLE 2.—PROPORTIONS OF IRON AND ALUMINIUM REMOVED BY COMPLEXING 
AGENTS FROM ACID-EXTRACTED WATER-DIALYSED ORGANIC MATTER 





| Extractant 











Complexing Agent 0.5% HF | 0.5% HCl 
are eee Net ree 
%of Fe | %of Al % of Fe % of Al 
removed | removed removed | removed 
8-hydroxyquinoline 92.5 | 68.3 


EDTA-Na: 89.6 58.8 96.1 85.6 
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PREPARATION 


10 


e- cm WATER AT 9°C. 





0.8 «(«O.1 0.3 0.5 0.7 0.9 


g- ORGANIC MATTER (Cx1.724) PER 100 ml.OF SOLVENT 


FicurE 1. Osmotic pressure of separate preparations of water-dialysed 0.5 per 
cent HF extract in 0.15 N sodium chloride. 


more stable aluminium- than iron-organic matter complexes. In general 
the data presented in both Tables 1 and 2 indicate the presence, especially 
in the HF extracts, of relatively high molecular weight compounds forming 
complexes with both iron and aluminium. 


Molecular Weight Determinations 


Figure 1 shows osmotic pressures at different concentrations for three 
separate preparations of water-dialysed 0.5 per cent HF residue. The 
values for lim P/C vary from 4.45 to 5.10, which corresponds to a range 
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TABLE 3.—PAPER ELECTROPHORETIC EXAMINATION OF DIALYSED 0.5 
PER CENT HF EXTRACT 


(1000 volts applied in each case) 


























| Average mobility x 105 
Buffer or Ionic cm.?/v. sec. 
electrolyte | strength pH —— ——— ———_—_—— 
| Major Minor 
| component component 
HCl — KCl 0.05 1.80 — 4.3* 
Phthalate 0.05 3.20 — 8.8* 
Acetate 0.05 4.70 — 9.7 
Phosphate 0.10 7.25 —17.3 —21.1 
Phosphate 0.05 ai20 —20.6 —24.1 
Barbiturate 0.05 8.50 —10.3 
Borate 0.05 9.00 —14.2 
EDTA-Nap 0.05 5.00 —12.5 
*Most of material did not move. ‘“‘Mobility’’ refers to maximum extension of diffused band from 


starting line. 


in number average molecular weights of 47,000 to 53,800, averaging 50,800. 
Stevenson ef al. (11), on the basis of sedimentation velocity and diffusion 
data, found a weight average molecular weight of 53,000 for humic acid 
extracted by pyrophosphate from a Miami clay. They have pointed out 
the relationship between number average (M,) and weight average (M,) 
molecular weights. It is stated that in a homogenous material M, = My 
while in a heterogenous material M, < My. 


Paper Electrophoresis 


Table 3 shows average mobilities of the dialysed 0.5 per cent HF 
residue in different buffer systems ranging in pH from 1.8 to 9.0 and in 
dilute EDTA-Naz solution at pH 5.0. Average mobilities in a given 
buffer or electrolyte were arrived at by taking the mean of at least three 
runs, each of different duration. As can be seen from this table, the 
mobility was low with low pH, increased to a maximum at neutrality and 
then decreased. The material was negatively charged over the pH range 
examined, and moved as one component, dark brown in colour, except in 
the phosphate buffer where a second light yellow component of higher 
mobility appeared. The accuracy of the mobilities on paper was checked 
by determining the mobility of a sample of the same material in phosphate 
buffer of ionic strength 0.2 in a Spinco Tiselius-type electrophoresis appara- 
tus. A mobility of —13.0 107° cm?./v. sec. was found for the major 
component which was of the same order of magnitude as that found on 
paper, taking into account that an increase of the ionic strength of the 
buffer is, within limits, accompanied by a decrease in mobility (see also 
data for phosphate buffers in Table 3). 


Paper Chromatography 


Table 4 lists the sugars which could be identified chromatographically, 
by comparison with known sugars, in fractions of the acid extracts. 
Except for traces of glucose and galactose in the 0.5 per cent HF dialysate, 
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TABLE 4.—ANALYSIS OF 0.5 PER CENT HF AND 0.5 PER CENT HCl 
EXTRACTS FOR SUGARS BY PAPER CHROMATOGRAPHY 




















Sugars Found 

Extractant Fraction Wi ss —* 

PD ithout 7: , 

s a With hydrolysis 
hydrolysis . 

0.5 % HF Residue None Small amounts of glucose 
and galactose, traces of 
arabinose, xylose and 
rhamnose 

4 . ae ae | sd ar oe = as . ee ee eee coord 
Dialysate Traces of Traces of glucose and 
glucose and galactose 
galactose 
0.5% HCl Residue None None 
| | ean ee sie aaa i‘ is i 
Dialysate None Small amounts of glucose, 
traces of galactose, arabin- 
ose and xylose 








no free sugars could be detected. After hydrolysis, traces to small amounts 
of glucose, galactose, arabinose, xylose and rhamnose were identified in 
some of the fractions. A semi-quantitative estimate of the sugars found 
showed that between 0.05 and 0.1 per cent of the organic matter could be 
accounted for in this way. This indicates that sugars or compounds 


yielding sugars on hydrolysis constituted a very small portion of the total 
organic matter extracted. 


Chromatograms irrigated with ethyl acetate-pyridine-water-acetic acid 
(5:5:3:1) showed several spots which could indicate the presence of uronic 
acids. However, in agreement with findings of Dubach et al. (2), it was 
not possible to identify these spots as due to glucuronic, galacturonic or 
poly compounds of these acids. In any event, the amount of material 
represented by these spots could not account for more than 1 per cent of 
the total organic matter. Distillation with 19 per cent HCI at 140°C. 
for 13 hours established that 5.09 per cent of the total carbon could be 
released in this way, and might be regarded as uronic carbon. However, 
Dubach et al. (2) have pointed out that, besides uronic acids, cyclic acids 
with an electrophilic heteroatom or similar compounds might be decar- 


boxylated by the acid which in turn might account for the unusually high 
uronic carbon values. 
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ABSTRACT 


An Ontario peach orchard in which known amounts of DDT had been 
applied as foliage sprays was used to study the accumulation and distribution 
of this insecticide in the soil. Run-off from the foliage at the time of spraying 
was an important factor in the rate of DDT accumulation. Approximately 
95 per cent of the accumulated insecticide was retained in the cultivated layer, 
and the amounts near the trunks of the trees were significantly greater than 
those under the peripheries of the trees or midway between adjacent trees. 


INTRODUCTION 


It is well known that DDT, because of its stability, accumulates in 
soil (1, 4, 5), and that in orchards it may accumulate at a rate almost equal 
to that of application (3). Since such factors as cultural and spray prac- 
tices, temperature, and soil type may affect the persistence and distribution 
of DDT in soil, the amount that had accumulated in a peach orchard soil 
at Vineland Station, Ontario, was investigated. The results are presented 
in this paper. 


MATERIALS AND METHODS 


A peach orchard which was under the control of the Entomology 
Laboratory at Vineland Station, and in which known amounts of DDT had 
been applied as foliage sprays, was used in this investigation. The trees, 
planted in 1941, were set 20 feet apart and by 1954 limbs of many adjacent 
ones touched. The soil, provisionally named Vineland fine sandy loam in 
unpublished reports of theOntario Soil Survey, Canada and Ontario Depart- 
ments of Agriculture, was cultivated several times in May and June each 
year to a depth of approximately 6 inches. 


In investigations other than the one dealt with in this paper the orchard 
was divided into square plots of approximately one acre, each containing 
100 trees. Two of these plots, designated as A and B, were used in this 
study. 


From 1946 to 1948, approximately 5 to 6 gallons of dilute spray were 
applied per tree and run-off from the trees was considerable. In the fol- 
lowing 3 years, the application rate was reduced to about 4 gallons and run- 
off was much less. From 1952 to 1954, all sprays were applied as con- 
centrates with a mist blower and there was practically no run-off. Table I 
shows the amounts of DDT applied per acre as foliage sprays from 1946 to 
1949 in Plot A, and to 1954 in Plot B, together with the calculated maximum 
soil concentrations that the sprays could produce in the top 6 inches of soil. 





_ Joint Contribution from the Entomology Division (No. 3709) and the Chemistry Division (No. 371), 
Science Service, Department of Agriculture, Ottawa, Ont. 

"Assistant Entomologist, Entomology Laboratory, Vineland Station, Ont. 

‘Assistant Chemist, Chemistry Section, Science Service Laboratory, Kentville, N.S. 
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TABLE 1.—AMOUNTS OF DDT APPLIED ANNUALLY PER ACRE AS FOLIAGE 
SPRAYS TO TWO PLOTS OF A PEACH ORCHARD AND CORRESPONDING 
POSSIBLE CONCENTRATIONS IN THE TOP 6 INCHES OF SOIL 























Plot A Plot B 
Spray Year Possible Possible 
Applied | concentration! | Applied | concentration! 

) p.p.m. Ib. p.p.m. 
Dilute 1946 9.2 5.0 9.4 EE 
Dilute 1947 14.5 7.9 14.5 7.9 
Dilute 1948 14.4 7.8 13.6 7.4 
Dilute 1949 3:3 1.8 10.4 $7 
Dilute 1950 2.6 1.4 
Dilute 1951 Ss 0.7 
Concentrate 1952 eae 1.5 
Concentrate 1953 10.1 5.5 
Concentrate 1954 | p28 4.2 
Total | 41.4 22.5 72.4 39.4 





41,836,000 lb. taken as weight of 6 inches of soil in an acre 


In 1954, soil samples representative of the top 6 inches were collected 
in the two experimental plots. In each plot 12 trees were selected at 
random, the outside rows being excluded, and for each tree a subsample was 
taken (a) 1 foot from the trunk, (b) midway towards a diagonally opposite 
tree, and (c) midway between the first two sites. 

In 1955, Plot B was sampled in a manner designed to provide more 
specific information on the accumulation and distribution of DDT in the 
soil. Samples consisting of four borings each, and representative of the 
top 6 inches and the next 4 inches, were taken for each of 10 trees selected 
at random. The sampling sites were (a) approximately 2 feet from the 
trunk, (b) under the periphery of the tree and (c) midway towards a 
diagonally opposite tree. 

In both years the samples, obtained with a soil sampling tube 1 5/8 
inches in diameter, were taken in late June or early July about the time 
cultivation ceased for the season and just before the first DDT spray was 
applied. All samples, including checks taken in an adjacent plum orchard 
where DDT had not been used, were air-dried and passed through a 2-milli- 
metre sieve before analysis. A modification of the Schechter method (2) 
was followed in estimating the DDT content of the samples. 


RESULTS AND DISCUSSION 


In 1954, the parts per million of DDT (with standard errors of the 
means) found in air-dried soil from the two plots were:— 


Minimum Maximum Mean 
Plot A ae 4.8 3.58+0.21 
Plot B 2.9 454 4.32+0.36 


When the soil samples were taken, a total of 41.4 lb. of DDT had been 
applied to Plot A as foliage sprays; to Plot B, 64.6 lb. However, the mean 
amounts of DDT in the soil did not differ significantly between the two 
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TABLE 2.—PARTS PER MILLION OF DDT IN AIR-DRIED SOIL SAMPLES 
TAKEN AT TWO DEPTHS AT THREE SITES IN PEACH ORCHARD 

















Depth, 
Sampling site inches Minimum Maximum Mean 
| | 
Two feet from trunk | O06 4.80 10.07 6.34 
| 610 | 0.07 0.99 0.41 
| 
Periphery | 06 | 3.64 6.88 4.97 
; | 6-10 | 0.00 0.13 0.08 
Midway between adjacent trees | 06 3.13 5.83 4.11 
; | 610 |! 0.00 0.98 0.17 
Difference necessary for significance for top 6 inches at 1 per cent level 1.41 
Difference necessary for significance for top 6 inches at 5 per cent level 1.03 








plots. In both plots the maximum run-off occurred from 1946 to 1948, 
when dilute sprays at 5 to 6 gallons per tree were used. During this period 
Plot B received 38.1 Ib. of DDT and Plot B 37.5 Ib. Though dilute sprays 
were applied to Plot A in 1949 and to Plot B from 1949 to 1951, the applica- 
tion rate was considerably reduced and consequently run-off was less. In 
1952 and 1953, Plot B received a total of 12.8 lb. of DDT applied as con- 
centrate sprays from which there was little or no direct run-off. Thus, if 
run-off of spray from the foliage is a major factor in the amount of DDT 
accumulating in the soil, it is not remarkable that the mean values for the 
two plots were not significantly different. It is also noteworthy that, if 
all the dilute foliage sprays used in Plots A and B had been applied directly 
to the soil, the maximum possible DDT concentrations in the top 6 inches 
would have been 22.5 and 28.2 p.p.m. respectively. The respective mean 
amounts found in 1954 represented 15.9 and 15.3 per cent of these maximum 
values. 


Table 2 shows that in the soil samples taken in 1955 the amounts of 
DDT found below 6 inches were negligible in comparison with those found 
above that depth. This is in agreement with the findings of Ginsburg (4), 
who reported that DDT accumulations resulting from spray practices were 
largely confined to cultivation depth. In the top 6 inches the mean DDT 
concentration approximately 2 feet from the tree trunks was significantly 
greater at the 5 per cent level than at the periphery of the trees or midway 
between diagonally adjacent trees. At the two latter sites the difference 
was significant only at the 5.3 per cent level. The fact that cultivation 
is probably more intense between trees and at the dip edge than near the 
trunk may have some bearing on DDT persistence in soil. Furthermore, 
peach leaves hang nearly vertically and the general growth habit of the 
trees is not such as to direct spray run-off and rain toward the outer part 
of the tree. 


Statistical analysis of the 1955 data also showed that the accumulation 
of DDT was not significantly different between trees. 


26 


CANADIAN JOURNAL OF SOIL SCIENCE [Vol. 38 


REFERENCES 


Ackley, W. B., K. C. Walker, and N. R. Benson. DDT residues in orchard soils, 
Proc. 46th Annual Meeting, Washington State Hort. Assoc., pp. 85-88. 1950. 

Downing, G., and L. B. Norton. Modification of Schechter method of estimating DDT 
residues. Anal. Chem. 23:1870. 1951. 

Foster, A. C. Some plant responses to certain insecticides in the soil. U.S. Dept. 
Agr. Circ. No. 862. 1951. 

Ginsburg, J. M. Accumulations of DDT in soils from spray practices. J. Agr. Food 
Chem. 3:322-325. 1955. 

Ginsburg, J. M., and J. P. Reed. A survey on DDT-accumulation in soils in relation 
to different crops. J. Econ. Entomol. 47:467-474. 1954. 





| 



































LABORATORY AND GREENHOUSE STUDIES ON EFFECT OF 
LIME AND OTHER AMENDMENTS ON WATER-SOLUBLE 
BORON IN SOIL! 


R. F. Bisnop? anp R,. L. Cook? 


[Received for publication June 21, 1957] 


ABSTRACT 


Greenhouse and laboratory experiments were used to study the effect of 
various soil amendments on the water-soluble boron content of a strongly 
acid soil. 


In the greenhouse, using ladino clover as the test crop, liming reduced boron 
availability as measured by soil and plant analysis. Calcium-boron ratios 
in the clover ranged from approximately 550:1 to 2000:1 and there was a sig- 
nificant correlation between the water-soluble boron in the soil and the boron 
content of the clover. 


In the laboratory studies calcium and magnesium carbonates were equally 
effective in decreasing water-soluble boron in soil. Gypsum was ineffective. 
Manure or alfalfa hay increased the water-soluble boron content of soil in 
proportion to the amounts applied. Applications of sodium hydroxide, 
resulting in a range of soil pH values from 4.82 to 9.72, were accompanied by 
decreases in water-soluble boron until a pH of approximately 8.0 was reached. 
Above this point water-soluble boron increased. At comparable pH values of 
approximately 7.0 or less, sodium hydroxide caused a smaller reduction in 
water-soluble boron than did either calcium or magnesium carbonate. 


Since the establishment of boron as an essential plant nutrient, investi- 
gation of factors influencing its availability have resulted in general recogni- 
tion of the importance of water-soluble boron in soil and of calcium-boron 
relationships. This information is of particular interest for alkaline soils 
and in areas of strongly acid soils where liming is an agricultural practice. 
The latter situation is found in Canada’s Atlantic Provinces where the 
humid-temperate climate has favoured the development of podsol soils 
which are highly leached, relatively low in plant nutrients, and strongly 
acid in reaction. 


Results given in this paper were obtained in greenhouse and laboratory 
studies on the effect of lime and other soil amendments on the water-soil 
boron content of a podsol soil from Prince Edward Island. 


MATERIALS AND PROCEDURE 


Surface soil representative of a Charlottetown fine sandy loam was 
used in both the greenhouse and laboratory studies. The Charlottetown 
series (14), which consists of medium to fine textured soils developed from 
glacial or glacio-residual material, includes some of the most important 


agricultural soils in Prince Edward Island and covers approximately 480,000 
acres. 





_ Contribution from Chemistry Division, Science Service, Canada Department of Agriculture, and Soil 
Science Department, Michigan Agricultural Experiment Station, East Lansing, Mich. Contribution No. 366 
from the Chemistry Division; and approved for publication by the Director of the Michigan Agr. Expt. Sta. 
as Journal Article No. 2044. Part of thesis submitted by the senior author in partial fulfilment of the require- 
ments for the Ph. D. degree. 

*Officer-in-Charge, Chemistry Section, Science Service Laboratory, Kentville, Nova Scotia. 
*Head, Soil Science Department, Michigan State University, East Lansing, Mich. 
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For the greenhouse study the soil was air-dried, screened, mixed, and 


placed in glazed gallon pots. The treatments, which were replicated three 
times, were as follows: 


(1) Check. 

(2) An 0-10-10 fertilizer at 800 Ib. per acre. 
(3) Calcitic limestone at 2 tons per acre. 
(4) Treatments (2) and (3) combined. 


The limestone was mixed with the air dry soil before potting and the fer- 
tilizer was applied to the potted soil at a depth of 2 inches. 

Ladino clover was seeded in December at the 3-inch depth and later 
thinned to two plants per plot. The clover was harvested at the early 
bloom stage with the last of five cuts being made in October. 

Following the fifth cut the cultures were not watered and further growth 
was prevented by reworking the surface soil. In December the soil was 
removed from the pots and reworked. In the second crop year, the green- 
house procedures were similar to those employed in the first year except 
that the rate of limestone was 1} instead of 2 tons per acre, and only four 
cuts of clover were made. In each of the two crop years the clover from 
each cut was air dried before recording the weight and when harvesting was 
complete the cuts from replicates were combined to make a composite sample 
for each treatment. 

Nine series of soil were used in the laboratory study. The treatments 
within each series were: 

Series 1—CaCO; at 0, 1, 2, 4, 6 and 8 tons per acre 

Series 2—CaSO4.2H20 at 0, 1.72, 3.43, 6.86, 10.30 and 13.73 tons per acre. These 
rates contained the same amount of calcium as was supplied by the CaCQ3 
in Series 1 

Series 3—MgCO; at 0, 0.84, 1.68, 3.36, 5.04 and 6.74 tons per acre. _ These rates 
provided neutralizing power equivalent to that of the CaCOsz in Series 1 

Series #—Manure at 0, 10, 20, 40, 60 and 100 tons per acre 

Series 5—CaCO3 and manure together at the rates used in Series 1 and 4 

Series 6—Alfalfa hay at 0, 10, 20, 40, 60 and 100 tons per acre 

Series 7—CaCOs3 and alfalfa hay together at the rates used in Series 1 and 6 


Series 8—1.0 N NaOH at such rates as to give a range of pH values from approxi- 
mately 5.0 to 9.5 


Series 9—Sufficient 1.0 N NaOH to raise the pH value of the soil to approximately 8.5 
and then CaCO; treatments as in Series 1. 
The calcium carbonate, gypsum, magnesium carbonate, and sodium hydrox- 
ide used were boron-free. On an air-dry basis the manure contained 
17.8 p.p.m. of total boron and the alfalfa hay 50.8 p.p.m. 

The soil was air dried, passed through a 2-mm. sieve, thoroughly 
mixed, and weighed out in 200-gram samples. To facilitate mixing with 
the soil the manure and alfalfa hay were air dried and ground in a Wiley 
mill. These materials were added on the basis of their original moisture 
content. 

The various materials were thoroughly mixed with the soil which was 
placed in half-pint waxed containers. Water, equal to 50 per cent of the 
moisture-holding capacity of the soil, was added and the treated samples 
allowed to stand until approximately air dry. At this time the samples 
were again thoroughly mixed and remoistened. After being maintained 


in this condition for 2 months they were air dried and prepared for chemical 
analysis. 
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TABLE 1.—EFFECT OF SOIL TREATMENTS ON THE WATER-SOLUBLE BORON 
CONTENT OF SOIL AND ON THE YIELD AND CALCIUM AND BORON CONTENT OF 
LADINO CLOVER 


(Composite samples from three replications, air-dry basis) 

















Soil Ladino clover 
Treatment | pH | B | Yield* Ca | B Ca : B ratio 
| p.p.m. gm. p.p.m. | p.p.m. 








First crop year 


Check | 5.10 | 0.38 | 28.9 | 21400) 35.8 | 598:1 
Limestone | 5.98 | 0.26 | 29.3 22400 | 31.0 | 723:1 
0-10-10 | 5.00 | 0.36 | 33.0 | 20600| 36.4 | 566:1 
Limestone + 0-10-10 | 6.00 | 0.25 | 35.8 | 22400 33.0 679:1 
Second crop year 
Check | 4.78 0.31 | 11.0 27800 | 49.8 | 558:1 
Limestone 6.49 G.36 | 139.9 28900 20.1 1438:1 
0-10-10 | 4.70 0.32 24.0 24000 | 30.4 789:1 
Limestone + 0-10-10 | 6.47 | 0.15 30.6 28600 | 12.8 2078:1 





*Average of three replicates. Differences not significant in first year. L.S.D. (P 0.05) =13.95 in second 
year. 


Soil samples used in the determination of pH and water-soluble boron 
content were passed through a screen with openings 2 mm. in diameter. 
A soil: water ratio of 1 to 2.5 was used for pH determinations which were 
made with a glass electrode. Water-soluble boron was determined colori- 
metrically using tumeric as proposed by Naftel (9). In this determination 
10 grams of soil and 50 ml. of water were boiled under refluxing conditions 
for 5 minutes. After cooling to room temperature the water extract was 
separated from the soil by centrifuging. 

The air dry plant material was ground in a Wiley mill prior to analysis. 
Calcium was determined by dry-ashing (1) and total boron colorimetrically 
using tumeric (9). In determining the boron content of soil and plant 
samples the intensity of colour developed with the tumeric reagent was 
measured with a photoelectric colorimeter. 


EXPERIMENTAL RESULTS 
Greenhouse Studies 

The effect of soil treatments on the water-soluble boron content of 
soil and on the yield and boron content of ladino clover is shown in Table 1. 

In both crop years the application of limestone, either alone or in 
combination with the 0-10-10 fertilizer, decreased the water-soluble boron 
content of the soil. In terms of the unlimed soils the decreases approxi- 
mated 31 per cent in the first year and 54 per cent in the second. On the 
basis of values obtained in the two crop years there was a significant cor- 
relation (r= +0.76) between the water-soluble boron content of the soil 
and the boron content of the ladino clover. 

In the first crop year, differences in the relative amounts of calcium 
and boron in the clover, as shown by the calcium-boron ratios, were com- 
paratively small. The highest ratios, however, occurred in plants grown 
on limed soil. In the second crop year, there were very marked differences 
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Ficure 1. Effect of CaCo;, CaSO,.2H:O and MgCO; on the water-soluble boron 
content of soil. 


in the ratios although no visual symptoms of boron deficiency were observed. 
These might have become evident if the plants had been allowed to reach 
maturity although Stewart and Bear (13) have pointed out that deficiency 
symptoms for ladino clover are not easily recognized in the field. 
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Laboratory Studies 

The effect of calcium carbonate, gypsum, and magnesium carbonate on 
the water-soluble boron content of soil is shown in Figure 1. 

The decreases in water-soluble boron which occurred with application 
of either calcium or magnesium carbonate were almost identical as was the 
range in pH values in the two series. There was a highly significant cor- 
relation (r= —0.98) between the amount of calcium or magnesium applied 
and the water-soluble boron content of the treated soil. The gypsum treat- 
ments resulted in negligible changes in water-soluble boron and the cor- 
relation coefficient between the amount of calcium applied and the water- 
soluble boron content of the treated soil was not significant. 

The effect on the water-soluble boron content of soil of increasing 
amounts of manure or alfalfa, both alone and in combination with increasing 
amounts of calcium carbonate, is illustrated in Figure 2. 

The application of increasing amounts of manure or alfalfa was ac- 
companied by consistent increases in the water-soluble boron content of 
the treated soils. In the case of the manure treatments the increases 
ranged from 3.1 to 40.6 per cent and with the alfalfa from 12.9 to 154.8 
per cent. With both treatments there was a highly significant correlation 
(r=+0.99) between the rates applied and the water-soluble boron content 
of the treated soils. Applications of manure and calcium carbonate resulted 
in a marked decrease in the water-soluble boron content of the soil. The 
decreases, calculated in terms of soil receiving similar manure treatments, 
ranged from 11.8 to 45.0 per cent and there was a significant correlation 
(r= —0.87) between the pH value and water-soluble boron content of the 
treated soils. Although none of the combined alfalfa and calcium car- 
bonate treatments reduced the water-soluble boron to the level of the check, 
there were, in terms of soil receiving similar amounts of alfalfa, reductions 
in boron ranging from 2.9 to 34.2 per cent. 

The effect of increasing amounts of sodium hydroxide, and of increasing 
amounts of calcium carbonate in combination with a constant amount of 
sodium hydroxide on the water-soluble boron content of soil is shown in 
Figure 3. 

Increasing amounts of sodium hydroxide resulted in decreased contents 
of water-soluble boron until the pH of the soil reached approximately 8.0. 
At this point the boron content of the soil started to increase and at a pH 
value of 9.72 the increase, in terms of the check, was 15.6 per cent. 

TABLE 2.—DECREASE IN THE WATER-SOLUBLE BORON CONTENT OF SOIL WITH 


THE APPLICATION OF CALCIUM CARBONATE ALONE OR IN COMBINATION WITH 
MANURE OR ALFALFA 





Soil 5 aor Calcium carbonate T/A ee 
amendment 1 2 4 6 ; 8 
. p.p.m. p.p.m. p.p.m. | p.p.m. p.p.m. 
Nil 0.02 0.07 0.12 | 0.17 | 0.19 0.114 
Manure 0.04 0.04 0.10 | 0.18 0.19 | 0.110 
Alfalfa 0.01 0.04 0.10 0.15 | 0.27 | 0.114 
Mean | 0.023 0.050 | 0.107 | 0.217 | 


me 0.170 


L.S.D. (P 0.05) for treatment means =0.050. 


2) 
oO 
Z 
a 
9 
n 
J) 
5 
n 
te 
° 
re 
= 
Z 
oe 
=) 
° 
_= 
Z 
< 
a 
= 
Zz 
< 
0 


*[I0s Jo 3U9}UOD UOJOG a[qNJOS-19}eM BY} UO “ODD YIM uoNeuiquiod ur pue ‘aUOTe Bee puve ainueul jo PIA 


08-0 
8e-2 
82-2 
29-9 
€L-S 
Ov-s 
28-b 


‘w'd‘d-uo010q) «= ajqnjos 43j;0M 
02:0 093-0 os-0 Ov-0 o¢-0 02-0 





£9909 + ofOsIy —Z2 Sees 


w'd'd-uo0soq ajqnjos 413j)0M 


02:0 09-0 os-0 Ov-0 o¢-0 02-0 o1-0 


DJIDSIV — 9 S21N0S 


‘Z aunoly 
"w'd'd-u0s0q ~aiqnjOosS 43j;0M 
Ovo o£-0 02-0 o1-0 


Cee eee eee eee eee ee ee eeeseeeees 
Tee eee eee sees eeeeeeseeeeeee 
Sete eee eee eeeeeeeeeeeees 


£o909 + esnuDW - ¢ Salsas 


w'd'd — u0s0g ajqnjOS 13j;0M 
Or-O0 Of:0 02-0 


aiNuUOW —p Salsas 








1-N NaOH / 200 Qgm. soil 





February, 1958] BISHOP AND COOK.—WATER-SOLUBLE BORON IN SOIL 33 


Series 8 - NoOH 
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Ficure 3. Effect of NaOH alone, and in combination with CaCO;, on the water- 


soluble boron content of soil. 


The application of increasing amounts of calcium carbonate, to a soil 


previously treated with sodium hydroxide, resulted in decreased contents 
of water-soluble boron. The decreases ranged from 3.4 to 24.1 per cent 
and were accompanied by increased pH values. A significant correlation 


(r= —0.88) existed between the pH values and water-soluble boron con- 
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tents of the treated soils. The correlation between the amounts of calcium 
applied and the water-soluble boron in the treated soils was not significant. 


The decreases that occurred in the concentration of water-soluble boron 
with applications of calcium carbonate, either alone or in combination with 
manure or alfalfa, are shown in Table 2. It will be noted that any one rate 
of calcium carbonate tended to result in the same decrease irrespective of 
the water-soluble boron content of the soil. Although Drake et al. (6) 
found the addition of lime had no effect on the water-soluble boron content 
of a silt loam soil, a number of other investigators (4, 5, 8, 12) have reported 
decreased boron availability with liming. 


DISCUSSION 


Parks and Shaw (11), using pure chemical systems under laboratory 
conditions, have shown that boron may be precipitated in combination 
with various ions including silicon and aluminium. Also, the boron content 
of the precipitates tended to be increased by the presence of calcium and at 
pH values of 7 and above the boron in the precipitates was completely 
insoluble in hot water. Thus pH differences may account for the results 
obtained in the present investigation when equivalent amounts of calcium 
were applied as calcium carbonate and as gypsum. A further indication 
that pH plays an important part in boron fixation is provided by the results 
obtained with MgCO;. Midgley and Dunklee (7) have reported calcium 
and magnesium carbonates to be equally effective in causing fixation of 
boric acid. According to Olson and Berger (10) the alkalinity produced by 
bases has more influence on boron fixation than do the cations of the bases. 


Differences in the form in which boron exists in manure and alfalfa, in 
the relative rates of decomposition of the two materials, and in their boron 
content could be responsible for the fact that additions of alfalfa produced 
the greater increases in the water-soluble boron content of soil. Olson and 
Berger (10) have observed that oxidation of organic matter resulted in an 
increase in available boron. With respect to availability Berger and Truog 
(2) have indicated the final effect of organic matter is less than that of pH. 


The results obtained in Series 1 and Series 8 show that at similar pH 
values calcium carbonate produced a greater decrease in water-soluble 
boron than did sodium hydroxide. Since sodium tetraborate is consider- 
ably more soluble than calcium metaborate, the formation of relatively 
insoluble calcium borate could account for decreases in boron availability 
with liming. According to Colwell and Cummings (3) there is a funda- 
mental difference in the behaviour of aqueous solutions of calcium and 
sodium metaborates with the former dissolving very slowly. Thus the 
nature of the cation associated with a change in the pH value of soil may 
have a bearing on boron availability. Another factor in the case of soil 
treated with sodium hydroxide is the amount of organic matter subsequently 
brought into solution by extraction with boiling water. Since boron exists 
in both organic and inorganic form, the presence of sodium hydroxide could 
conceivably result in the release of boron held in organic form. This 
would not be the case with a weak base such as calcium hydroxide. 





—— 
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The addition of calcium carbonate to a soil previously treated with 


sodium hydroxide caused some decreases in content of water-soluble boron. 
The reductions were, however, considerably less than occurred with cal- 
cium carbonate treatments alone. While the resulting soil pH values 
differed considerably the presence of sodium ions apparently reduced the 
effect of the calcium carbonate. According to Cook and Millar (4) and 
Muhr (8), sodium carbonate was ineffective in preventing boron toxicity in 
sovbeans. Wolf (15) has also observed that the nature of the cation em- 
ployed in changing the pH of a soil has an important bearing on the avail- 
ability of soil boron. 
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ABSTRACT 


The rate of release of non-exchangeable potassium, i.e. potassium-supply- 
ing power, of 41 Ontario soils was measured by a continuous percolation 
procedure. I: was found that clay content of the soil was the predominant 
factor affecting potassium-supplying power (r = 0.978). Potassium 
fertilization or intensive cropping of the soil caused no change in the potas- 
sium-supplying power of the soil. As potassium-supplying power was found 
to be a constant characteristic of soil and not a function of previous manage- 
ment, potassium-supplying power measurements should not be necessary 
in routine soil testing. Knowledge of potassium-supplying power can be 
deduced from particle size distribution. Because soils of different texture 
have different potassium-supplying power, the interpretation of measured 
exchangeable potassium in terms of fertilizer requirement will be different 
for soils of different textural class. 


INTRODUCTION 


The concept of a dynamic equilibrium among water-soluble, ex- 
changeable, and non-exchangeable forms of potassium in soil has been 
proposed and supported by many workers. There is evidence that not 
only the potassium in solution and held electrostatically by negatively 
charged soil particles, i.e. exchangeable potassium, but also the structural 
and strongly adsorbed potassium, i.e. non-exchangeable potassium, may 
make a significant contribution to the nutrition of plants. 


Recently a percolation method for measuring the rate of potassium 
release from non-exchangeable forms was proposed by Matthews and 
Smith (5). The amount of non-exchangeable potassium released during 
prolonged cropping in the greenhouse correlated highly with the amount 
of potassium released by the soil during the 17-100 hour percolation period. 
The percolation method for measuring potassium-supplying power, i.e. 
the rate and amount of release of non-exchangeable soil potassium, is 
much more rapid than the continuous cropping technique and is not as 
rigorous as acid digestion which may cause breakdown of soil minerals. 
In this investigation the percolation method was used to study the effects 
of soil texture, degree of natural weathering, chemical fertilization, inten- 


sive cropping, and preliminary moisture conditioning of the sample on 
the potassium-supplying power of soils. 


Reitemeier, Brown, and Holmes (8) found no explanatory relationship 
between the general order of potassium-supplying power and the abundance 
of silt, clay, or organic matter in soils of Central United States. On the 
other hand, Smith and Matthews (9) found a highly significant correlation 
between the clay content of 18 Ontario soils and the amount of potassium 


1 Contribution from Department of Soils, Ontario Agricultural College, Guelph, Ont. Part of thesis 


presented by the senior author to the Graduate School, University of Toronto, in partial fulfilment of require- 
ments for M.S.A. degree. 


2 American Potash Institute Fellow, and Professor of Soils, respectively. 
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released to alfalfa grown in the greenhouse. Garman (2), using a contin- 
uous leaching apparatus with 0.01 N hydrochloric acid as the extractant, 
measured the potassium-supplying power of several New York and Ohio 
soils representing different great soil groups. The potassium-supplying 
power of both surface soils and subsoils was as follows: Brown Forest > 
Grey-Brown Podzolic > Brown Podzolic > Podzol. Several workers 
have reported that the level of exchangeable potassium in a soil did not 
necessarily indicate the potassium-supplying power of the soil (3, 6, 9). 
Little evidence is available, however, regarding the direct effects of chem- 
ical fertilization, cropping, and drying of the soil on its potassium-sup- 
plying power. 
MATERIALS AND METHODS 


Surface-horizon samples of 41 soils were taken from long-term pasture 
fields and the potassium-supplying power of the soils was determined in 
the laboratory by the percolation method described previously (5). The 
soils were obtained from widely separated areas in Ontario and varied in 
texture from sand to clay. The soils selected included representatives of 
Brown Forest, Grey-Brown Podzolic, Grey Wooded, Podzol, and Dark- 
Grey Gleisolic great soil groups. 

Fox sandy loam, Guelph loam, and Haldimand clay soils were selected 
for the study of the effects of potassium fertilization, cropping, and drying 
of the soil on potassium-supplying power. Bulk samples of the surface 
horizon of each soil were taken in September from field plots that had 
received 0, 60, and 120 Ib. of K,O per acre the previous spring and had 
subsequently produced two cuttings of alfalfa. One-half ofeach bulk 
sample was treated with 200 lb. of KO per acre as potassium chloride, 
thus providing a total of six potassium treatments for each soil. Nitrogen 
and phosphorus were also added to the soil at the rate of 75 Ib. N and 200 
lb. P,O; per acre. One and one-quarter pound portions of each treated 
soil were placed in small tin cans, eight for each of the six treatments for 
each soil type and seeded with inoculated Ladino clover. A total of seven 
crops of clover were harvested at approximately monthly intervals and 
the total potassium removal was determined. 

The potassium-supplying power of the air-dried and oven-dried soils 
was determined by the percolation method (5) immediately after fertili- 
zation treatment and after the seven crops of Ladino clover had been 
harvested. The exchangeable potassium content of the soils before 
drying and after air-drying and oven-drying was determined by extraction 
with a solution of 0.1 N NH,Ac plus 0.05 N H-SO, using a 1:10 soil: 
solution ratio and 15 minutes’ extraction time. Potassium in the extract 
was measured with a Baird flame photometer. 

For the determination of potassium-supplying power by the perco- 
lation procedure, 5 grams of screened, air-dried soil were mixed with 10 
to 20 grams of acid-washed sand (to permit adequate percolation) and 
percolated with CO,-saturated water for 108 hours. The resin column 
that collected the potassium as it was released by the soil was replaced 
at the end of 12, 36, 60, and 108 hours. The potassium adsorbed on the 
resin was extracted with 0.5 N HCI and the potassium in the extract was 
measured with a Baird flame photometer. 
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TABLE 1.—PARTICLE SIZE DISTRIBUTION AND RATE OF POTASSIUM RELEASE DURING 
PERCOLATION OF SURFACE SAMPLES OF 41 ONTARIO SOILS 








Sand Silt Clay 





























Soil Type 2.0-0.5 mm. 0.5-0.002 mm. <.002 mm. K20 Release 36-108 hr. 
Te | % | % | Ib. /ac. /hr. 
Brown Forest 
Eamer clay loam 30.00 32.00 38.00 | 1.75 
Grenville silt loam 22.20 56.20 21.60 1.17 
Grenville loam 32.20 46.40 21.40 1.15 
Otonabee loam | 43.00 | 37.00 20.00 1.13 
Eamer loam 46.20 37.00 16.80 -82 
Grenville loam 48.40 | 34.80 | 16.80 81 
Grey-Brown Podzolic 
Haldimand clay | 7.00 | 28.60 64.40 2.63 
Huron clay 16.55 39 .33 44.12 1.97 
Perth clay loam 24.70 | 40.84 34.46 1.60 
Huron silt loam 21.76 50.41 27.83 1.54 
Embro silt loam 18.95 | 54.61 26.44 1.47 
Honeywood silt loam 22.40 54.46 23.14 1.39 
Guelph loam 41.60 34.80 23.60 1.34 
Honeywood silt loam 23.00 54.00 23.00 .89 
Listowel silt loam | 30.00 54.50 15.50 .82 
Fox sandy loam 77.49 5.86 16.65 | 81 
Fox sandy loam | 65 .60 17.80 | 16.60 81 
Brighton sandy loam 65.00 25.00 10.00 .57 
Harriston silt loam 34.60 53.40 12.00 .54 
Listowel silt loam | 37.50 | 49.90 | 12.60 | .47 
Grey Wooded 
Kenora clay 9.00 | 26.00 65.00 2.71 
Renfrew clay 12.80 37.20 50.00 2.21 
Renfrew silty-clay loam 12.80 | 51.60 35.60 1.75 
Renfrew clay loam 25.20 40.80 34.00 1.69 
Thunder Bay loam 40.00 | 36.00 24.00 1.21 
Magnettewan silt loam 31.40 58.60 10.00 .56 
Podzol 
Castor sandy loam 61.20 25.20 13.60 67 
Berriedale silt loam 26.00 | 62.00 12.00 60 
St. Thomas silt loam 29.20 59.80 11.00 46 
St. Thomas sandy loam 64.30 31.30 4.40 j 31 
Wendigo sand 86.80 12.20 1.00 26 
Dark-Grey Gleisolic 
New Liskeard clay loam 42.00 18.00 40.00 1.69 
Osgoode silt loam 16.00 61.00 23.00 1.36 
North Gower silt loam 20.10 55.10 24.80 1.33 
Osgoode silt loam | 17.30 61.30 21.40 1.14 
Brookston silt loam | 31.60 50.00 18.40 -92 
Parkhill loam 40.60 41.80 17.60 .86 
Brookston silt loam 35.00 49.20 15.80 .82 
Osgoode silt loam 27.60 55.00 17.40 81 
North Gower loam | 45.20 39.00 15.80 .74 
Granby loam | 48.20 41.00 10.80 .61 
| 
Correlation Coefficients: 
% Sand and Release Rate—lb./ac./hr. 36-108 hr: r = —0.668** 
% Silt and Release Rate—Ib. /ac. /hr. 36-108 hr: r = —0.098 


% Clay and Release Rate—Ib. /ac./hr. 36-108 hr: r = +0.978** 


RESULTS AND DISCUSSION 


The particle size distribution and potassium-supplying power of 
the surface samples of 41 soils are reported in Table 1. The potassium- 
supplying power is the rate of release of potassium after the first 36 hours 
of percolation by which time an amount of potassium equal to or greater 
than the initial exchangeable potassium had been extracted from the soil. 
After 36 hours of percolation, the rate of release of potassium was approxi- 
mately constant as indicated by the straight portion of the release curves 
shown in Figure 2. 
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_Ficure 1. Relationship between clay content of soil and rate of release of potas- 
sium during percolation. 


Effect of Soil Texture on Potassium-Supplying Power 

The correlation coefficient between clay content and potassium- 
supplying power of the soils listed in Table 1 was 0.978. This means 
that 95.6 per cent of the variability in potassium-supplying power could 
be attributed to variation in clay content. The clay fraction was, there- 
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FiGurRE 2. Cumulative release of potassium by soils during percolation after 
fertilization and intensive cropping. 
fore, the chief supplier of non-exchangeable potassium. The regression 
line relating rate of release of potassium and clay content of soil is shown 
in Figure 1. 

As might be expected, a significant negative correlation existed be- 
tween per cent sand and potassium-supplying power, as a soil high in clay 
is usually low in sand and vice versa. No correlation was found between 
per cent silt and potassium-supplying power. 
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Effect of Degree of Weathering on Potassium-Supplying Power 


Pedological studies (4, 10) indicate that Podzol soils are more strongly 
weathered than Grey-Brown Podzolic or Grey Wooded soils and that the 
latter are more strongly weathered than Brown Forest soils. Because of 
the predominant effect of clay content on potassium-supplying power, 
and the fact that the soils representing each great soil group did not fall 
in the same textural range, it was considered unrealistic to compare directly 
the potassium-supplying power averages of the great soil groups. The 
mean rates of release of potassium by samples of surface soils of different 
great soil groups were compared, therefore, by analysis of covariance, 
adjusted to the over-all mean per cent clay of 23.184. No significant 
differences were found between the adjusted means which ranged from 
1.072 lb./ac./hr. for the Podzol surface soils to 1.168 lb./ac./hr. for 
surface soils of the Brown Forest great soil group. These results are 
contrary to those reported by Garman (2) who made no attempt to elimi- 
nate the effect of varying texture in his comparisons of soils of different 
great soil groups. He made no mention of clay content of his soils, al- 
though one may conclude from descriptions elsewhere, of the soils used, 
that the mean clay content of the Podzol soils for example was somewhat 
less than that of the Grey-Brown Podzolic soils. 

Although some differences in mineral composition of the < .002 
m.m. fraction of Ontario soils have been reported, it is apparent that these 
variations due to stage of weathering are insufficient to cause significant 
differences in potassium-supplying power. 


Effect of Fertilization and Cropping on Potassium-Supplying Power 

The average potassium release rates for the 36-108 hour percolation 
period shown in Table 2 were 0.81, 1.34, and 2.63 Ib. of K2O/ac./hr. 
for the Fox, Guelph and Haldimand soils respectively before cropping. 


TABLE 2.—EFFECT OF FERTILIZER TREATMENT AND CONTINUOUS CROPPING IN 
GREENHOUSE ON EXCHANGEABLE POTASSIUM LEVEL AND RATE OF RELEASE OF 
POTASSIUM DURING PERCOLATION 





Exchangeable K:O (air-dry soil) |Release of K2O during 36-108 hr. 








Treatment* percolation period 
Soil Type KO =%—|- | LD 
Before cropping | After cropping | Before cropping | After cropping 
Ib. /ac. | Ib. /ac. Ib. /ac. Ib. /ac./hr. Ib. /ac. /hr. 
| 
Fox sandy loam 0 92 58 0.79 0.82 
60 93 61 0.81 0.82 
120 128 59 0.81 0.83 
0-200 258 63 0.82 0.81 
60-200 260 61 0.82 0.82 
120-200 317 65 0.81 0.82 
Guelph loam 0 104 82 1.35 1.34 
60 103 80 1.35 | 1.35 
120 113 80 1.33 | 1.34 
0-200 223 87 | 1.33 | 1.34 
60-200 235 84 1.35 1.33 
| 120-200 239 89 1.33 1.33 
Haldimand clay 0 259 216 2.63 2.60 
60 265 219 2.63 2.63 
120 281 221 2.60 2.61 
0-200 | 344 214 2.63 2.62 
60-200 369 220 | 2.64 2.64 
120-200 384 224 2.61 2.62 








O *0, 60, 120 refer to Ib. K2O/ac. field application in spring 1956; 200 refers to Ib. KxO/ac. treatment in 
ctober 1956 prior to greenhouse cropping. 
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The different rates of potassium fertilization in the field caused no differences 
in measured potassium-supplying power of samples taken six months later, 
Even after intensive cropping in the greenhouse there was no apparent 
change in rate of release of non-exchangeable potassium (Figure 2). Po- 
tassium-supplying power was a constant characteristic of each soil. On 
the other hand, the exchangeable potassium of all soils of a given type 
was reduced to approximately the same level during cropping regardless 
of initial differences due to fertilization before cropping. 


Effect of Oven-Drying on Potassium-Supplying Power 

Data in Table 3 show that drying of soil caused increases in measured 
exchangeable potassium in some instances and decreases in others. For 
a given soil, if the initial exchangeable potassium of the moist soil was 
below a particular level, e.g. approximately 110 lb./ac. K:O for Fox soil, 
drying of the soil caused an increase in measured exchangeable potassium. 
On the other hand, if the initial exchangeable potassium level of the moist 
soil was greater than the above level, drying of the soil generally caused a 
decrease in measured exchangeable potassium. Similar effects of drying 
on the measured exchangeable potassium have been reported by other 
workers. 

The rates of release of non-exchangeable potassium by Fox, Guelph 
and Haldimard soils during the 36-108 hour percolation period, however, 
were unchanged by drying treatment. The rate of release of potassium 
from samples that fixed exchangeable potassium upon oven-drying was 
the same as from samples of the same soil that released non-exchangeable 
potassium to exchangeable form upon oven-drying. It was concluded, 
therefore, that potassium fixed by oven-drying was no more readily re- 
leased to exchangeable form than the native non-exchangeable potassium. 


TABLE 3.—EFFECT OF DRYING ON EXCHANGEABLE POTASSIUM AND 
POTASSIUM RELEASE DURING PERCOLATION 

















Rate of K2O release 
| Exchangeable K2O during 36-108 hr. 
Soil Type Treatment | percolation period 

K:O aaa a as seemed 

| Moist Air-dry Oven-dry Air-dry | Oven-dry 
soil soil soil | soil | soi 
Ib. /ac. | Ib. /ac. lb. /ac. | Ib. /ac. Ib. /ac./hr. Ib. /ac. /hr. 
Fox sandy loam 0 78 92 91 0.79 0.81 
60 77 | 93 96 0.81 0.81 
120 115 128 120 0.81 0.83 
0-200 | 232 258 194 0.82 0.82 
60-200 230 260 212 0.82 0.81 
120-200 311 317 250 0.81 | 0.82 
Guelph loam 0 84 104 116 1.35 1.33 
60 85 103 110 4.39 1 33 
120 103 113 125 £335 1.35 
0-200 261 223 198 1.33 1.35 
| 60-200 253 235 204 1.35 1.33 
120-200 276 | 239 210 1.33 1.33 
| 

Haldimand clay 0 211 259 289 2.63 2.63 
60 264 265 303 2.63 2.64 
120 268 281 319 2.60 2.61 
0 | 378 344 344 2.63 | 2.63 
60-200 384 369 364 2.64 2.63 
120-200 404 384 376 2.61 2.60 











0.607** Moist soil exchangeable K2O vs. K2O release rate 
0.622** Air-dry soil exchangeable K2O vs. K2O release rate 
0.830** Oven-dry soil exchangeable K2O vs. K2O release rate 
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Several workers have concluded that each soil had a natural equilib- 
rium level of exchangeable potassium above which fixation occurs and 
below which release occurs upon drying (1, 7). The equilibrium level of 
exchangeable potassium should be related to the potassium-supplying 
power of the soil. Unpublished data from this laboratory indicate that 
drying of soil causes a change in the exchangeable potassium level in the 
direction of the equilibrium level. The rate of release of non-exchangeable 
potassium was more closely correlated with exchangeable potassium level 
measured after oven-drying of the soil, r = 0.830, than with exchangeable 
potassium level measured after air drying, r = 0.622, or measured in the 
moist state, r = 0.607. The exchangeable potassium level measured after 
oven-drying correlated best with potassium-supplying power. Exchange- 
able potassium measured after oven-drying of the soil, therefore, may be 
most useful in predicting potassium fertilizer requirement. 


CONCLUSIONS 

It is evident from the results of this study that the potassium-sup- 
plying power of Ontario soils is related primarily to their clay content. 
As fertilizer treatment and cropping history have no effect on potassium- 
supplying power, it should not be necessary to measure potassium-supplying 
power of all soils in the routine soil testing program. With a sufficient 
number of samples a mean potassium-supplying power for all soils of each 
textural class can be established. 

On the other hand, differences in potassium-supplying power of soils 
undoubtedly explain the fact that the exchangeable potassium level of 
soil does not correlate well with crop response to applied potassium ferti- 
lizer especially at low levels of exchangeable potassium. For the inter- 
pretation of exchangeable potassium level in terms of potassium fertilizer 
requirement it will be necessary to set up different requirement tables 
for soils of different texture. 
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ABSTRACT 


By the application of artificial rainfall to field plots of Guelph Loam at 
various levels of water-storage capacity in the top 6 inches, it was found that 
the equation Y =0.43 + 0.38 X, where Y=mass infiltration in inches for 
20 minutes and X =the available storage capacity in inches, expressed the 
relationship between the variables. A graph is presented to indicate the 
recovery of available storage with time, following a period of precipitation 
excess. 


INTRODUCTION 


Infiltration may be defined as the entry of water into the soil surface. 
The concept of the infiltration theory, as applied to the synthesis of run-off 
hydrographs, was proposed by Robert E. Horton (3) in 1933. The concept, 
stated very simply, is that, when the rainfall rate exceeds the infiltration 
capacity of a soil, run-off occurs. The run-off rate is proportional to the 
difference between the rainfall rate and the infiltration capacity. Other 
losses, such as interception, transpiration and evaporation, are usually 
neglected during the period of a storm. Since, in general, storms of high 
intensity are usually of short duration, the greater the total infiltration of 
water during the initial stages of such storms, the greater will be the reduc- 
tion of volumes of surface run-off. This will result in a reduction of the 
hazards of soil erosion and flooding of lower lands. In addition, the storage 
of water in the soil may be a valuable water conservation measure for crop 
use at other periods of the year. 

The relationship of mass infiltration to available water-storage cap- 
acity, which is volumetrically equal to the unoccupied pore space of the 
soil, is evaluated in this paper. 


LITERATURE REVIEW 


Many workers have attempted to relate antecedent soil condition~ to 
the soil infiltration characteristics. Schiff (8) and Horner (2) have made 
attempts to relate antecedent moisture conditions to infiltration capacity. 
Horner has attempted to work out indices for the purpose, while Schiff 
has calculated infiltration curves for each soil moisture content, suggesting 
that they be used by superimposing the relevent curve on the storm pattern. 
Schiff (8) has not been able to establish a relationship between soil moisture 
content and infiltration capacity, while Musgrave (5) categorically states 
that no such relationship exists. This is quite apparent when it is realized 
that storm characteristics themselves will influence the breakdown of soil 
aggregates, inwash of fine particles, swelling of clay particles, and soil 
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packing. Many workers, however, have observed a significant relation- 
ship between the degree of soil wetness and infiltration capacity. Cook (1), 
Lassen and Lull (4), Neal (6) and Sherman and Musgrave (10) have 
all pointed out that, as the soil moisture content increases, there is a signifi- 
cant reduction in the infiltration capacity of the soil. 


The recovery of infiltration capacity between storms has been sug- 
gested by several hydrologists to be a function of the development of storage 
space in the top 6 inches of soil. Schiff and Dreibelbis (9) have demon- 
strated in Ohio the relationship between infiltration, transmission and per- 
colation rates for Keene and Muskingum silt loams. Further exploratory 
work by Reinhart and Taylor (7) on the relationship between mass infiltra- 
tion and available storage in the upper soil horizon has been reported for 
soils at Vicksburg, Mississippi. 

MATERIALS AND METHODS 
Description of Site 

The infiltration tests were performed on Guelph Loam which has a 
well drained profile at least 2 feet deep. The site was on the south slope 
of a drumlin typical of those in the Guelph drumlin field. At the time of 
the tests in 1955 the area was in the third year of a ladino clover-orchard 
grass mixture. The Guelph Loam of the site is a Grey-Brown Podzolic soil 
developed from a limestone till with a moderately well drained profile. 
The surface 6 inches is a dark greyish brown loam of fine granular structure. 
The A: laver has a fine platy structure, a friable consistency, and is slightly 
stony. The B layer (14-24 inches) at the site is a clay loam with a medium 
nuciform structure and hard consistency. The bulk densities at depth 


increments of 0-6, 6-12, 12-18, 18-24 inches from the surface were respectively 
1.25, 1.46, 1.68 and 1.65. 


The capillary pore space in the upper 6 inches of the soil was 32.2 per 
cent by volume and the non-capillary pore space 20.5 per cent by volume. 
Equipment 

Infiltration determinations were made utilizing a rainfall simulator, 
the type F infiltrometer described by Wilm (12) and following the mimeo- 
graphed instructions (11) of the Office of Research, Soil Conservation Ser- 
vice, United States Department of Agriculture. The plots were 6 feet 
wide by 12 feet long. The complete apparatus was enclosed in a tent to 
eliminate the effect of wind on the application of water. The simulated 
rainfall was applied at a rate of 4.362 inches perhour. The resultant run-off 
from the plot was conducted by means of a weir and flume to an automatic 
run-off recorder. The recorder was of a Casella Flow Meter type modified 
for the purpose. A specially calibrated orifice plate, containing three 3/8- 
inch diameter orifices was used for flow measurements. 


Procedure 


Three separate plots were selected in the study site. The vegetation 
was clipped and removed from each plot and border area. The soil of 
plot and border was turned over with a spade and raked smooth. Soil 
moisture samples were taken at the 0- to 6-inch depth, prior to each test. 


46 CANADIAN JOURNAL OF SOIL SCIENCE [Vol. 38 


© PLOT | 
* PLOT 2 
s PLOT 3 


INFILTRATION= INCHES 


MASS 





0.5 1.0 5 2.0 2.5 3.0 
STORAGE CAPACITY IN 6 INCHES OF SOIL— INCHES 


FicureE 1. Relationship of mass infiltration for 20 minutes to available water- 
storage capacity in 6-inch soil depth. 


Three samples were taken in the border area only, to avoid disturbance of 
the plot during tests. Recovery intervals of 24, 48, 72, and 96 hours were 
provided between tests. A 3-hour recovery interval was provided between 
Test No. 1 and Test No. 2 on Plot 1. 

Three soil core samples were taken at the 0- to 6-inch depth from dif- 
ferent parts of the plot following each series of tests. From the soil moisture 
and bulk density determinations the available water-storage capacity in the 
0- to 6-inch depth prior to each test was computed. Calculations of mass 
infiltration were made from the time record of surface run-off rate from the 
plot and the calibrated precipitation rate on the plot with appropriate 
estimates of the storage factors, (1) depression storage and (2) surface 
detention. 


RESULTS AND DISCUSSION 


The relationship between mass infiltration for the first 20 minutes of 
rainfall application and available water-storage capacity in the 0- to 6-inch 
soil depth is illustrated in Figure 1. Though there is a considerable scat- 
tering of the individual points, this may be attributed to inherent soil 
differences between individual plots. Soil properties such as hydraulic 
conductivity, as influenced by organic matter content of the topsoil, and 
soil profile characteristics no doubt accounted for a certain amount of the 
variation. There was no evidence in the data of an accumulative surface 
sealing effect on the infiltration capacity after the second test of each series. 
The equation Y =0.43 + 0.38X, where Y is equal to the mass infiltration in 
20 minutes, and X is equal to the available storage capacity in inches, 
would seem to be a reasonably satisfactory basis for making estimates of 
the probable excess of precipitation over mass infiltration during periods 
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Ficure 2. Recovery of water-storage capacity in upper 6 inches of soil. (Average 
values for the three plots). 
of high storm intensity. Extrapolation of the curve for water-storage 
capacities below 0.5 inches is not recommended, however, because of the 
lack of data in this region. The relationship expressed in this formula 
agrees very well with that developed by Reinhart and Taylor (7) which was 
Y=0.50 + 0.45X where Y was the total infiltration in 30 minutes. 


The rate of recovery from saturation of water-storage capacity in the 
top 6 inches of soil is indicated in Figure 2. Approximately 50 per cent of 
the total 72-hour recovery takes place in the first 12 hours after a period of 
precipitation excess and 80 per cent in the first 24 hours. The use of 
Figure 1 in conjunction with Figure 2 will permit estimates to be made of 
the magnitude of precipitation excesses (run-off) resulting from successive 
intense storms several hours apart. For rains of insufficient magnitude to 
provide saturation in the surface 6 inches of soil it will be necessary to esti- 
mate the water-storage capacity at the cessation of rainfall. The storage 
capacity existing some time later may then be computed from the curve 
of Figure 2 by starting from the estimated storage capacity and proceeding 
parallel to the time scale, the elapsed time in hours. Application of this 
technique utilizing available rainfall data over a watershed would then 
assist greatly in synthesizing hydrographs for flood prediction. 
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CONCLUSIONS 


The relationship between mass infiltration for 20 minutes and available 


water storage capacity for Guelph loam is expressed by a linear equation 
which agrees very well with that obtained by other investigators. Addi- 


tional work is required to determine the extent of application of this work 
to other soils. 
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ABSTRACT 


A survey was made of the extractive power of 15 reagents for organic 
matter from the Ap and Bx horizons of a podzol. All were inorganic except 
disodium ethylene diamine tetraacetate (EDTA-Naz) and their solutions 
ranged in pH from 1.4 to 13.1. The amount of organic matter extracted 
varied with horizon and with extractant. While only NaOH removed 
appreciable amounts from the Ao horizon, NayP:0O7, NasPO,, NaF, Na2COs, 
NaOH, HF and EDTA-Na: extracted > 80 per cent of the organic matter 
of the Bz horizon. No organic matter from the Ao horizon extracts passed 
through a cellulose membrane on dialysis against distilled water whereas 
the Ba extracts lost from 20 to 70 per cent of their carbon content. The 
ash content of the non-dialyzable portion of the Bx horizon extracts was 
high (20-40 per cent), indicating the possible presence of complexes of organic 
matter with metals such as Fe and Al and with clays. The carbon contents 
of the same materials ranged between 40 and 50 per cent, suggesting that 
all extractants removed essentially a similar type of material. 


INTRODUCTION 


Recent investigations in this laboratory (3, 4, 6) showed that dilute 
inorganic acids extracted up to 92 per cent of the organic matter of a 
podzol B horizon while removing only small amounts from the Apo horizon 
of the same profile. Similarly, Martin and Reeve (2) reported that organic 
complexing reagents such as cupferron, 8-hydroxyquinoline and acetyl 
acetone removed large amounts of organic matter from a podzolic B horizon. 
Bremner and Lees (1) studied the extractive powers of a number of inor- 
ganic and organic reagents for organic matter from several surface soils. 
To the authors’ knowledge no such study has been reported in the liter- 
ature involving different horizons of the same profile. In the case of 
podzol soils, a better knowledge of the conditions of extraction of the 
organic matter, especially from the B horizon, is significant from both the 
chemical and pedological standpoint. 

The reagents used in this investigation were all inorganic with the 
exception of disodium ethylene diamine tetraacetate (EDTA-Naz) and 
ranged in pH from 1.4 to 13.1. Many of them have been used from 
time to time in various laboratories for the extraction of soil organic 
matter. The literature on this subject has been reviewed by Bremner 
and Lees (1). 

‘The main objectives of the investigation were to define conditions 
for maximal extraction of organic matter by such reagents from the Ao 
layer and Ba horizon of a podzol profile and to obtain some general infor- 
mation with regard to the molecular weight distribution of the material 
extracted. For the latter purpose the extracts were dialysed against 


‘Contribution No. 381, Chemistry Division, Science Service. 
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distilled water and estimates were made of the proportions of the organic 
matter passing through the cellulose membranes and remaining inside 


the bags. The ash and carbon contents of the dialysed residues were 
also determined. 


MATERIALS AND METHODS 


The soil samples investigated were from the Ao and Bs; horizons of 
the Armadale profile, a soil developed on sandy loam material in the 
Podzol zone. <A description of the Armadale profile has been given earlier 
(4). The Ao material originated from a single profile. It contained 
29.65 per cent carbon on an air-dry weight basis and had a pH of 3.5. 
The Bz, material was a composite sample from several profiles. It con- 
tained 5.31 per cent carbon on an air-dry weight basis and its pH was 4.7. 

The air-dry soil was ground in an agate mortar to pass an 80-mesh 
sieve. Two-gram samples of the Ap and 10-gram samples of the Ba 
horizon were allowed to stand overnight in contact with 10 and 50 ml. 
respectively of extractant in stoppered 125-ml. erlenmeyer flasks. The 
extracts were separated from the soils by centrifugation at 2000 r.p.m. 
for 5 minutes, followed by filtration through medium-sized sintered glass 
funnels and the pH values of the extracts were determined. The residual 
soils were washed repeatedly with distilled water and centrifuged until 
the washings were practically colourless. The washings after filtration 
were added to the extracts which were then placed in seamless cellulose 
dialyzer tubing (1}’’ diam., 0.00072” thick), and dialysed for several days 
in graduated cylinders against a large excess of distilled water, changed 
at frequent intervals. In view of the fact that preliminary experiments 
had indicated the absence of at least visual microbial contamination under 
the conditions of dialysis used in this investigation, no antibacterial re- 
agents were added to the solutions during the dialysis period. Dialysis 
was continued until the pH of the extracts approached that of the distilled 
water and the solutions outside the bags were colourless. The original 
soil (1), the material remaining inside the cellulose bags after dialysis (II), 


TABLE 1.—CONCENTRATION AND pH OF EXTRACTING SOLUTIONS 

















pH 
Extracting Solution Concentration After extraction 
Before ————— 
extraction of Ao of Bu 
horizon horizon 
Nas«P207.10H20 Sodium pyrophosphate 0.1M 9.8 6.5 8.9 
Nas¢P207.10H:O0 Sodium pyrophosphate 0.1M 7.0 3.2 6.2 
NasPO.4.12H:O0 Sodium orthophosphate 0.1M 12.0 7.3 9.4 
(NaPOs)6 Sodium hexametaphosphate 1% (W/V) 6.6 4.5 6.0 
Na2B.O7.10H20 Sodium borate 0.1M 9.2 7.3 8" 
NaF Sodium fluoride 0.5M 8.2 6.4 10.4 
NaF Sodium fluoride 0.5M 7.0 6.4 10.3 
NaCl Sodium chloride 0.5M 5.5 2.9 3.9 
NaBr Sodium bromide 0.5M 6.0 2.9 3.9 
Nal Sodium iodide 0.5M 8.8 3.8 4.0 
NaoCOs Sodium carbonate 0.5M 11.2 9.5 9.9 
NaOH Sodium hydroxide 0.5M 13.1 12.6 13.1 
HCl Hydrochloric acid 0.5% (V/V) 1.4 We 2.9 
HF Hydrofiuoric acid 0.5% (V/V) 2.2 2.1 4.0 
EDTA-Naz Disodium ethylene diamine- 0.2M 4.2 3.7 4.2 
tetraacetate 
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and the soils remaining after extraction (III) were dried under vacuum 
at 45°C., weighed, and analysed for carbon by the manometric Van 
Slvke-Folch method (5). The efficiency of extraction was determined 
by subtracting (III) from (I). The proportions of organic matter in the 
dialvsate were determined by subtracting (II) from (I-III). The ash 
content in (II) was found by incinerating appropriate samples in platinum 
crucibles at 600°C. overnight. Measurements of pH were made with a 
Beckman model H pH meter using a glass-calomel electrode system. 
In the case of pH measurements of soils a soil-water ratio of 1:2.5 was 
used. Moisture was determined by drying at 105°C. overnight. 


RESULTS AND DISCUSSION 


Table 1 shows the concentrations of the extractants and the pH 
values of the extracting solutions before and after contact with the soil. 
In general, contact with the soil, particularly with the A» material, lowered 
the pH of the extracting solutions. However, there were some exceptions. 
In the case of NaF at both pH levels, HF and HCI the pH values of the 
B.; soil extracts were definitely higher than those of the original solutions. 
The findings with regard to NaF are in agreement with those of Bremner 
and Lees (1) who noted that the pH of a sodium fluoride solution rose 
from 7.0 to 9.5 after contact overnight with the Allotment soil. 

Table 2 shows the proportions of organic carbon extracted from both 
the Ay and Ba horizons. Most reagents were markedly more effective in 
extracting carbon from the Be; horizon than from the A» material. NaOH 
was the most efficient extractant for both soil materials and the only 
reagent effective in removing appreciable amounts of carbon from the 
Ao material. With the exception of NaCl, NaBr, NaI, HCl and (NaPOs)¢, 


TABLE 2.—PROPORTION OF ORGANIC CARBON EXTRACTED FROM THE 
Ao AND Bs; HORIZONS 


(Expressed as per cent of C in original soil) 


Percentage of carbon 
Extractant extracted from 


Ao horizon Bz; horizon 


Na,P.0;, pH 9.8 6.1 91.7 
Na,P.O;, pH 7.0 Le 82.6 
Na3PO, + | 93.6 
(NaPOs). $:2 37.0 
NaeB,O; 7a8 80.8 
NaF, pH 8.2 6.6 88.4 
NaF, pH 7.0 4.4 88.7 
NaCl 2.9 Z.a 
NaBr L ae 
Nal 7 3:2 
Na,CO; 8.3 92 a 
NaOH 24.8 96.3 
HCl - 3:2 
HF Ng 83.1 
EDTA-Nae - 86.0 





*T = trace. 
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each extractant removed more than 80 per cent of the organic matter of 
the Bz horizon. These very efficient extractants are characterized by 
either a high pH or a known complexing power for iron and aluminum or 
both. A similar explanation might not hold for Na sB,O; because the 
borate ion is not known to form stable complexes with iron and aluminum. 
However, its ability to form complexes with substances having vicinal 
hydroxyl groups has been established. Infrared spectroscopy has indi- 
cated the presence of appreciable amounts of hydroxyl groups in the extracts. 
It seems reasonable to assume that a higher ratio of extractant to 
soil, frequent renewals of the extractant and longer time of contact be- 
tween soil and extractant might lead to the extraction of larger amounts 
of organic matter, especially from the Ao material. However, the data 
presented in Table 2 have validity from the comparative standpoint. 
Table 3 gives the partition of the carbon removed from the Bz horizon 
material by each of the extractants into a portion dialyzing through the 
cellulose membrane and one remaining inside the bag. The partition 
ratios of the two fractions have been calculated and show that the extract- 
ants may be divided into three groups characterized by undialysable/ 
dialysable carbon ratios of 0.5, 1.5 and 3.0 or more respectively. There 
is little correlation of pH of soil extract, taken immediately after extrac- 
tion, with the undialysable/dialysable carbon ratio. In view of our 
present imperfect knowledge of soil organic matter it is impossible to suggest 
satisfactory explanations for the differential behaviour of these extracts. 
The varying molecular weight distribution appears to reflect the effect of 
the extractant on the chemical constitution and possibly on the reactivity 
of the organic matter extracted. Additional investigation is required to 
find out what these effects are. From the practical point of view these 
results might be interpreted to mean that, in studying the chemical con- 
stitution and reactivity of the organic matter of a podzolic B horizon, 
more than one extractant, possibly one from each group, should be used. 
It is noteworthy that in contrast to the Bs horizon extracts the organic 
matter extracted by NaOH from the Apo horizon contained practically no 
dialysable carbon, indicating the absence of low molecular weight compounds. 


TABLE 3.—PARTITION OF CARBON EXTRACTED FROM THE Bz; HORIZON 














Ratio 
Extractant | Cin dialysed residue* C in dialysate* | C in dialysed residue 
C in dialysate 

(NaPOs)¢ 12 6 24.4 0.5 
HCl 3.8 7.4 0.5 
Na,yP20;, pH 7.0 49.7 32.9 B 
Na;PO, 56.7 36.9 so 
NaOH 58.1 38.2 1.5 
HF 49.4 33.7 Ls 
EDTA-Naz $2.5 33.5 1.6 
NaF, pH 8.2 61.2 Z4.2 2.3 
NaeB,O; | 60 4 20.4 3.0 
NaF, pH 7.0 67.0 21.7 3.1 
Na,P:0;, pH 9.8 | 69.8 21.9 Si2 
NaeCO; 73.8 18.5 4.0 





* as per cent of C in original soil 
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TABLE 4.—CARBON AND ASH CONTENT OF NON-DIALYSABLE FRACTIONS OF 
EXTRACTS DERIVED FROM THE Bz; HORIZON 














Extractant Per cent ash Per cent C 
(moisture-free basis) (moisture- and ash-free basis) 

Na,P.0;, pH 9.8 41.92 49.79 
Na,P20;, pH 7.0 29.63 43.10 
Na;PO, 30.81 44.08 
(NaPOs)s 36.58 48.85 
NazB,O; 30.30 39.61 
NaF, pH 8.2 30.68 46.46 
NaF, pH 7.0 28.91 46.26 
NaCl — sa 

NaBr — = 

Nal — — 

Na,CO; 31.83 46.21 
NaOH 22.94 43.70 
HCl 22.42 40.66 
HF 22.98 43.22 
EDTA-Nae 22.68 47.14 





Table 4 shows the ash and carbon contents of the non-dialysable 
fraction of the material extracted from the Bs: horizon. The ash content 
varied from 20 to 40 per cent. Such values are usually high and indicate 
a possible association of inorganic constituents, mainly iron, aluminum 
and some silicon (4, 6), with the organic matter. Lately, x-ray diffraction 
studies in our laboratory have established the presence of clays in the 
extracts. The mechanism of interaction between organic and inorganic 
constituents is now under study. At the present time the authors do not 
know if the inorganic and organic substances in the non-dialysable fractions 
are simply mixed or present as organo-metallic complexes. In general, 
material extracted by phosphates yielded the highest ash content, while 
that extracted by the inorganic acids and EDTA-Naeg gave the lowest 
ash. The carbon contents of these materials ranged from 40 to 50 per 
cent, averaging approximately 45 per cent. These data convey the 
impression that in each case similar type material has been extracted, at 
least as far as the carbon composition is concerned. For the sake of 
comparison the ash and carbon in the dialysed residue of the sodium 
hydroxide extract of the Ap horizon was also determined and found to be 
14.64 per cent ash (on moisture-free basis) and 51.77 per cent C (on 
moisture- and ash-free basis). 
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ABSTRACT | 
















A textural diagram based on per cent clay and per cent sand is proposed. 

With a standard rectangular coordinate system it is easier to use than current- 

ly suggested triangles. 

The textural diagram commonly used at the present time in Canada 

is the one adopted tentatively by the United States Department of Agri- 

culture in 1948. It is given in Figure 38 of the “Soil Survey Manual” 

(2), in Figure 3:5 of the new text by Lyon, Buckman and Brady (1), and 

was used by the writer in a previous paper (3). The total of sand, silt 

and clay separates is taken as 100 per cent with 2 mm. as the upper limit 

for sand, 0.05 mm. the limit separating sand and silt, and 0.002 mm. 
the limit separating silt and clay. 


100 
SOIL TEXTURE GRAPH ¢ 


PER CENT CLAY 





PER CENT SAND 


FiGuRE 1.—Proposed textural classification diagram with rectangular coordinates. 


Since the diagram uses an unusual kind of graphical representation 
of data there is often some confusion in its use and students especially 
have difficulty in becoming familiar with it. The diagram is based on 





1. Contribution from Department of Soil Science, University of Alberta, Edmonton, Alta. 
2. Associate Professor of Soil Science. 
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the three variables—per cent sand, per cent silt and per cent clay, although 
in using it only two are necessary to fix a point on the graph. In the 
mechanical analysis of a soil it is customary to determine only the per 
cent sand and per cent clay, the per cent silt being found by difference. 
Thus, in using the graph, the tendency is to apply only the figures for sand 
and clay. In manual texturing of soils also one concentrates on per cent 
sand and per cent clay, since the properties contributed by these separates 
are most readily recognized. It would be preferable, therefore, for the 
sake of simplicity and for correlation with manual texturing and mechan- 
ical analysis, to use a standard type of graph depicting only the two vari- 
ables sand and clay. 

Figure 1 shows such a graph. It has the same textural limits for 
the various soil classes as the diagram referred to above. With only the 
two standard axes the simplicity of its use will be obvious. If desired, 
the per cent of silt may be calculated as usual from 100 — (%S + %C). 

The National Soil Survey Committee recommends that clays be 
subdivided into clays and heavy clays, 60 per cent clay being the proposed 
dividing-line. The necessary horizontal line may be added easily to the 
graph in Figure 1. 

Ozalid copies of the graph on a larger scale are available on request 
from the author. 
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ABSTRACT 


Studies were made of aerial photographs of sand dune areas outlined by 
the Alberta Soil Survey. The presence of U-shaped, V-shaped, blow-out 
parabolic dunes indicated the direction of the effective wind responsible for 
their formation. Descriptions, pictures of such dunes and a sketch map 
showing the probable effective wind directions are included in the report. 
The shapes of these dunes indicate that the effective wind direction in the 
Grande Prairie area was from the southwest. In the central portion of 
Alberta the effective wind direction was from the northwest, while in the 
southern and southeastern portion of the province the effective winds were 
from the southwest. Comparison of the indicated effective wind directions 


with the average pattern of the direction of strong winds shows a very 
marked similarity. 


In the cor >: of making a soil survey of the Grande Prairie and Beaver- 
lodge areas it s noted that the sand dunes had a striking appearance. 
Pictures of th dunes had been used to illustrate classic examples of 
both barchan U-shaped dunes (1), (6). After further study, including 
field and aeri. ' \ sotograph investigation, they were referred to as hairpin- 
shaped or U-: ed dunes in the Soil Survey Report of the Grande Prairie and 
Sturgeon * Sheets. (4). Studies of aerial photographs of other sand 


areas sho «' .he presence of similar distinctive sand dune forms in other 
parts of Alberta. This paper will indicate the location of such dune areas 
and the probable direction of the winds responsible for their formation. 


1 Contribution No. 62 from Soil Survey Section, Research Council of Alberta, presented to the Canadian 
Society of Soil Science meeting, Vancouver, B.C., June 27, 1957. 


2 Soil Surveyor-in-Charge, Alberta Soil Survey, Research Council of Alberta, Edmonton, Alta. 





Ficure 1. Diagram showing probable barchan form produced by (A) gentle 
winds (B) strong winds of constant direction. Note that the horns of a barchan 
dune extend downwind. [Drawn from a diagram by Melton (3)]. 
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JIDDD D2 


3) i> 


Ficure 2. Diagram showing varieties of U-shaped and related dunes which 
commonly are found in a stabilized condition and record the direction of former 
dune-building winds. Note that the horns of a U-shaped dune extend upwind. 
[Drawn from a diagram by Smith (5)]. 


Classification of Dunes 


Melton (3) defines the barchan dune as a crescent-shaped hill of 
bare sand that moves slowly across a relatively flat non-sandy surface. 
(See Figure 1). The “horns’’ of the crescent move in advance of the 
main mass of sand and are always pointed with the wind. 


In his classification of sand dunes he also describes dunes that are formed 
by wind in conflict with vegetation. Such dunes have many different 
shapes and are referred to as blow-out, parabolic, elongated blow-out, 
nested elongated blow-out, and windrift dunes. Melton (3) pointed out 
the possibility of inferring former wind directions from dune forms. There 
is a slight migration of the basin and the sand rim in the direction of the 
effective sand blowing wind. ‘‘The migration of sand in the elongated 
blow-out dune is in a constant struggle against the growing vegetation; 
the migration of sand in a barchan is accomplished without any hindrance 
from this source. The more advanced portion of the elongated blow-out 
dune is found where the sand is the deepest, because it is here that the 
surrounding vegetation is most rapidly and most effectively eliminated; 
the more advanced portions of the barchan dune are those where the sand 
is the shallowest because this portion of the dune moves fastest.” 


Smith (5) in his classification of sand dunes, indicates that the barchans 
are typical of desert areas, whereas the horseshoe-shaped, U-shaped, 
V-shaped, and parabolic dunes are typical of the semi-arid to humid areas. 
(See Figure 2). All of these variously shaped blow-out dunes are grada- 
tional one to another and are basically similar. Final stabilization repre- 
sents a shift in balance between wind and vegetation with the vegetal 
growth finally gaining ascendancy over the wind. The direction of the 
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effective sand-moving wind is indicated in such dunes rather than the 
direction of the prevailing wind. The effective wind characteristics 
depend on the ground conditions (wet or dry) and the velocity of the wind. 
Powerful winds of short durations are more effective than gentle winds of 


long duration. 





Photo, courtesy Royal Canadian Air Force 


Ficure 4. Aerial photograph showing U-shaped dunes in the sand area south- 
east of Grande Prairie adjacent to the Wapiti river. Note the distribution of the 
sand dunes (A) and the moss bogs (B) typical of many portions of this sand area. 
(\ complete square represents an area one mile square). 











Photo, courtesy Royal Canadian Air Force 


Ficure 5. Aerial photograph showing U-shaped dunes in the sand area near 
Redwater. Note the probable direction of the effective wind. (A complete square 
represents an area one mile square). 





Photo, courtesy Royal Canadian Air Force 


FiGurRE 6. Aerial photograph showing U-shaped dunes in the sand area on the 
Hayes Project adjacent to the Bow River. Note the probable direction of the etfective 
wind. (A complete square represents an area one mile square). 
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Description of Some Dunes and Effective Wind Directions 


Sand dune areas having varieties of U-shaped dunes are shown on 
the map in Figure 3. In addition the probable wind directions responsible 
for their formation are indicated. For the purposes of description these 
sand dune areas are grouped as follows: 


1. Grande Prairie Area 

The dunes in this area have been mentioned by Thornbury (6) and 
described as of the barchan type. However, they are also referred to as 
U-shaped dunes by the American Geological Institute (1) and by Gravenor (2). 

The largest area of this type of dune is found south of Grande Prairie 
adjacent to the Wapiti river in an area extending west from the Smoky 
river to near the British Columbia boundary. They have been formed 
on sandy and silty calcareous materials of some of the upper terraces of 
the Wapiti and Smoky rivers. The wind sorted sand occurs in hairpin- 
shaped or U-shaped dunes with the blow-out pit being occupied by a moss 
bog. Such bogs are also of very common occurrence between many of 
the dunes in this area. These bogs are covered with sphagnum moss, 
labrador tea, occasional dwarf birch, tamarack, and black spruce. 
Throughout the area inspected, the dunes are stabilized by a cover of 
coarse grass, shrubs, aspen poplar, pine, and occasional spruce. 

An aerial photograph of a portion of the sand dune area southeast 
of Grande Prairie (see Figure 4) shows that the dunes are similar in shape 
to those illustrated in Figure 2. They appear to be the result of an effec- 
tive wind from the southwest having a bearing 8° north of east. Field 
inspection indicated that the arms of these U-shaped dunes vary in length 
from about 200 feet to about 800 feet. The central, frontal portion of the 
dune is about 30 feet to 50 feet higher in elevation than the surrounding 
boggy areas. 

Similar dunes are found in other areas in the general vicinity of Grande 
Prairie. At Watino, northeast of Grande Prairie, the dunes have some- 
what longer arms varying in length from about 500 feet to about 2500 
feet. The effective winds responsible for the formation of the dunes in 
these areas are from the southwest having a bearing 14° north of east at 
Watino and 6° north of east at High Prairie. (See Figure 3). In both 
of these sand dune areas the blow-out pits are often occupied by sedge 
bogs that have a cover of sedges, reeds, and coarse grasses. 

2. The Edmonton, Athabasca, Red Deer Area 

Studies of aerial photographs show that somewhat similar dunes are 
found in the vicinities of Lake Athabasca, McMurray, Athabasca, Ed- 
monton, and Red Deer. The locations of these sand areas and the directions 
of the effective winds responsible for the formation of these dunes are 
indicated on the map in Figure 3. 

The arms of the U-shaped dunes, in this central and northeastern 
portion of Alberta, are usually considerably longer than those in the 
Grande Prairie area. In the Redwater district, about 40 miles northeast 
of Edmonton, the arms of the U-shaped dunes often have a length of more 
than one mile. (See Figure 5). In the Lake Athabasca district, the 
Geological Section of the Research Council of Alberta has recognized the 
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FiGurE 7. Typical pressure distribution map showing the trend of low pressure 
areas across the northern portion of Alberta during the summer months. Note the 
direction of the strong winds. 


(From a map prepared by the Meteorological Service, Canada Department of 
Transport, Edmonton, Alta.) 


existence of longitudinal dunes that have a length of several miles. Gen- 
erally the dunes are stabilized by a vegetative cover consisting of coarse 
grass, shrubs, aspen poplar, pine, and occasional spruce. They seem to 
be formed by effective northwest winds which have a bearing of between 
15° to 55° south of east. 


3. Calgary, Lethbridge, Medicine Hat Area 

In the areas west of Calgary, west of Lethbridge and in the vicinity 
of Medicine Hat there are some fairly large sand dune areas. They are 
found adjacent to the Red Deer, Bow, South Saskatchewan rivers and 
their tributaries. (See Figure 3). These sand dune areas are found in 
a much drier portion of the province where there are numerous active 
dunes. However, inspection of aerial photographs shows that in the 
southeastern portion of Alberta there are some stabilized U-shaped dunes. 
(See Figure 6). There appears to be a much greater variation of shape 
in the dunes in this area, particularly in the sand area lying between the 
Red Deer river and the South Saskatchewan river. With the disturbance 
of vegetative cover through overgrazing or cultivation, many of the dunes 
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have been reactivated. The native vegetative cover consists of short 
prairie grass and occasional bluffs of shrubs that can be disturbed very 
readily. 

There is also a much greater variation in the direction of effective 
winds in the southeastern portion of the province. While the effective 
winds in some parts of this area are from the northwest, having a bearing 
of about 20° to 32° south of east, there are several areas indicated on the 
accompanying map (Figure 3) in which the effective winds responsible 
for the formation of the U-shaped dunes are from the southwest having 
a bearing of 12° to 25° north of east. (See Figure 6). This region is in 
a chinook wind area in which the warm winds usually blow from a westerly 
direction. 

DISCUSSION 

From a study of aerial photographs of known sand areas a deter- 
mination was made of the occurrence of U-shaped dunes. In addition, 
the dune building wind directions have been determined. An existing 
record of former wind directions in Alberta is exemplified in the forms of 
the U-shaped dunes. Such dunes and the many variants of this form are 
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Ficure 8. Typical pressure distribution map showing the trend of low pressure 
areas across the southern portion of Alberta during the winter and summer months. 
Note the direction of the strong winds. 

__ (From a map prepared by the Meteorological Service, Canada Department of 
lransport, Edmonton, Alta. ) 
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built by effective sand-blowing winds, blowing from the open or concave 
side and in conflict with vegetation. The blow-out pits occur in areas in which 
the sand has been eroded by wind and piled near the margin of the exca- 
vation on the leeward side thus forming the typical U-shaped dune. The 
final encroachment of vegetation has anchored the dunes in their present 
shapes. 

There is a striking difference in the effective wind directions in the 
areas under consideration. These directions indicate that the winds 
responsible for the formation of these U-shaped dunes were from the south- 
west and from the northwest. This wind pattern, as indicated in Figure 
3, can be compared with the present pattern of strong wind directions as 
compiled by the Meteorological Service of the Canada Department of 
Transport. (See Figures 7 and 8). This compilation is based on long- 
time records and might also be representative of a pattern that has been 
in force since the uplift of the Rocky Mountain system. Figure 7 
shows the pressure distribution pattern that applies to the northern portion 
of Alberta particularly during the summer-time. Figure 8 shows the 
pressure distribution pattern that applies to the southern portion of the 
province during both summer and winter. A comparison of the wind 
directions indicated in Figure 3 and those indicated in Figures 7 and 8 
suggests that the probable effective sand-blowing wind directions are in 
harmony with the present strong wind directions prevalent in Alberta. 
Further studies should be made of the U-shaped dunes to determine their age. 
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ABSTRACT 


With strongly acid soils pH-}pCa, pMg-pCa and pH-$p(Ca+Mg) 
were unaffected by the soil/water ratio. The amount of CaCl, added to 
the suspensions had an effect on pH-$pCa and pMg-pCa but the effect 
was such that pH-}p(Ca+Mg) was independent of the salt concentration. 
A means of calculating the pH of strongly acid soils under field conditions 
is presented. 


INTRODUCTION 


In a previous publication (4) some of the difficulties encountered in 
interpreting the results of pH measurements of soils made in the laboratory 
in terms of field conditions were discussed. It was pointed out that none 
of the methods gives results that can be related to field conditions, as far 
as pH is concerned, but that Schofield and Taylor (8) suggested using 
pH-}p(Ca+Mg), which is directly related to the sum of the activities of 
Ca(OH)2 and Mg(OH)s, as a measure of the soil reaction. These authors 
showed that, with acid soils, pH-}p (Ca+Mg) is independent of the con- 
centration of CaCl, added to coagulate the suspensions so that the values 
obtained in the laboratory apply to field conditions. The value of pH-3p 
(Ca+Mg), since it is independent of salt concentration, is a more funda- 
mental indication of the lime status of a soil than pH alone. The pH is of 
importance, however, because of its effect on the solubility of relatively 
insoluble salts. 


The pH values obtained by inserting the reference electrode into a 
soil-water suspension will always be open to criticism until the question of 
the magnitude of the liquid junction potential at the KCl bridge is settled 
(2, 5,6). On the other hand, a pH measurement made in the solution at 
equilibrium with the suspension is not open to this criticism. Furthermore, 
strongly acid soils are generally fairly well coagulated because of the presence 
of exchangeable aluminium (1, 3). It follows that there should be little 
difference with these soils between the pH of the equilibrium solution and 
that measured by inserting the electrodes into the suspension, if no liquid 
junction existed. Since this paper deals with strongly acid soils (pH 4.5 
to 5.5) the pH is defined as that of the solution at equilibrium with the 
suspension. 


The results reported are from experiments designed to check the 
constancy of pH-}pCa, pMg-pCa and pH-3p(Ca+Mg) with varying 
CaCl, concentrations at a constant soil/water ratio and with varying soil / 
water ratios in the absence of CaCl. The results obtained are used to 
demonstrate how the pH of a strongly acid soil can be calculated for any 
desired soil/water ratio. 


a ' Contribution No. 378, Chemistry Division, Science Service, Canada Department of Agriculture, 
ttawa, Ont. 
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EXPERIMENTAL 


The soils consisted of a clay loam, a sandy loam and a loam, designated 
1, 2 and 3 respectively. 


In the first part of the investigation the soil/water ratio was main- 
tained at 0.40 by weight while the concentration of CaCl, was varied from 
0 to 10X10-* molar. After shaking for 20 minutes, part of each suspension 
was used for direct pH measurements, and part was centrifuged and the 
pH measured in the supernatant liquid. Calcium and magnesium con- 
centrations were determined in the solutions obtained by filtering a part 
of each suspension. 


In the second part of the investigation the soil/water ratio was varied, 
no CaCl, was added and the suspensions were not centrifuged. 


When the pH measurements were made in the suspensions a short 
time was allowed for settling before the electrodes were inserted. The 
KCI bridge of the reference electrode was kept near the top of the sus- 
pensions where the concentration of solids was lowest. 


RESULTS 


The pH values obtained in the suspensions and in the supernatant 
liquids are presented in Table 1. These results support the statement made 
earlier that there should be little if any difference between the two methods 
of measuring pH providing the liquid junction at the KCl bridge is elim- 
inated; keeping the reference electrode near the top of the suspensions 
apparently accomplished this. It should be pointed out that these soils 
were fairly well coagulated even when pure water was used as the dis- 
persion medium. 


TABLE 1.—pH AND pH-}Ca VALUES MEASURED IN SUSPENSIONS AND 
IN SUPERNATANT LIQUIDS AFTER CENTRIFUGING 
(soIL/WATER 0.40) 


















; | CaCl Suspension Supernatant 
Soil | 10M | oi | ; 
olen pH pH —3pCa pH pH —}pCa 
1 0 5.03 3.31 5.02 3.30 
1 1 4.84 3.28 4.83 3.27 
1 5 4.63 3.33 4.64 3.34 
1 10 4.53 3.35 4.54 3.36 
2 0 4.84 3.24 4.80 3.20 
2 1 4.73 3.26 4.69 3.22 
2 5 4.54 3.29 4.48 3.24 
2 10 4.44 3.31 4.41 3.28 
3 0 5.40 | 3.34 5.40 3.34 
3 1 4.90 3.34 | 4.92 3.36 
3 5 4.64 3.35 | 4.70 3.41 
3 10 4.55 | 3.41 4.58 3.44 
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Since there was apparently no real difference between the pH values 
measured in the two ways, all pH values were combined into averages in 
calculating the pH-$pCa, pMg-pCa and pH-4$p(Ca+Mg) values pre- 
sented in Table 2. These results show that both pH-}pCa and pMg-pCa 
increased with increasing CaCl, concentration but that pH-}p(Ca+Mg) 
was independent of the salt concentration. 


Table 3 shows that the pH increased as the soil/water ratio was 
decreased, but that pH-$pCa, pMg-pCa and pH-$p(Ca+Mg) were 
independent of the ratio. 


The sum of the concentrations of Ca?* and Mg** were plotted against 
the soil/water ratios for each soil in Figure 1. As expected the plots 
could be represented reasonably well by straight lines passing close to the 
origin. The broken lines are extrapolations to a soil/water ratio which 
could obtain under field conditions, represented by short vertical lines. 


TABLE 2.—ErFrect oF CaCl CONCENTRATION ON pH-4$pCa, 
pMg-pCa AnD pH-$p(Ca+Mg) (sorL/waTerR 0.40) 









































: CaCl, ' ’ pH-3p 
Soil x 103M pH-43pCa pMg-pCa (Ca+Mg) 
ca | 
1 0 3.31 0.29 3.41 
1 1 3.28 0.31 3.40 
1 5 3.34 0.48 3.39 
1 10 3.36 0.59 3.41 
2 0 3.22 0.56 3.29 
2 | 1 3.24 0.69 3.29 
2 | 5 3.27 0.94 3.31 
2 | 10 3.30 1.04 3.30 
3 0 3.34 0.44 3.43 
3 1 3.35 0.82 3.40 
3 5 3.38 1.19 3.42 
3 10 3.43 1.37 3.44 
TABLE 3.—EFFECT OF SOIL/WATER RATIO ON pH, pMg-pCa 
AND pH-}$p(Ca+Mg) 
Soil Soil/water | pH | pH-}pCa | pMg-pCa | pH-tp(Ca+Mg) 
1 2.00 * | * 0.26 
1 1.00 4.97 3.36 0.28 3.45 
1 0.40 | 5.03 | 3.32 0.29 3.41 
1 0.25 | 5.16 3.34 0.26 3.43 
| | 
2 2.00 * * 0.52 | 
2 1.00 4.69 3.24 0.53 3.29 
2 0.40 | 4.84 3.24 | 0.56 3.29 
2 | 0.25 | 4.95 3.24 | O51 0 
3 | 2.00 | * . | 0.41 . 
$f 1.00 | 5.25 . ££ 1 wae 3.43 
3 0.40 5.40 3.36 0.44 | 3.43 
3 0.25 | 544 | 3.36 | 0.42 3.42 


* Reproducible results could not be obtained. 
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DISCUSSION 


Schofield (7) has discussed the grounds on which is based the hypoth- 
esis that pH-3pCa of a soil solution should, within limits, be independent 
of the concentration of CaCl, added. In the work reported by Schofield 
and Taylor (8) the authors assumed that pMg-pCa was also independent 
of the addition of CaCl, so that pH-}p(Ca+Mg) should be constant, in 
agreement with their experimental results. The results presented above 
show, however, that pH-3p(Ca+Mg) did not change only because the 
other two functions increased in such a way that it remained constant. The 
reason that the values of pH-}p(Ca+Mg) were independent of the CaCl, 
concentration is difficult to explain quantitatively, but the following reason- 
ing should apply. Since Ca?+ and Mg?* are both divalent there is a ten- 
dency for any reduction in exchangeable Mg?* to be offset by an increase in 
exchangeable Ca?* so that the sum of the concentrations of the two cations 
at the inside of the Gouy layer tends to remain constant. The H* con- 
centration is held relatively constant because of the buffering effect of the 
exchangeable aluminium, which in general accompanies exchangeable H+ 
in strongly acid mineral soils (1, 3). If Ca?+ + Mg?*, rather than Ca?**, is 
constant at the inside of the Gouy layer, Schofield’s (7) reasoning shows 
that, in the solution at equilibrium with the suspension, 





(Ca + Mg) ; (1) 
=e on Kt 
(H)? 
where K! is a constant. Equation (1) can be put in the logarithmic form 
pH-}p(Ca+Mg) = K (2) 


where K is equal to 3 log K?. 


The linear relation, shown in Figure 1, between the sum of the con- 
centrations of Ca** and Mg** and the soil/water ratio was anticipated 
on the following basis. Since the anions are largely expelled from the 
diffuse layer at the negatively charged surfaces of the solids, the total 
number of anions in the equilibrium solution should be approximately 
constant for a given weight of soil. The total number of Ca?+ and Mg?** 
ions, since these represent the major part of the cations in solution, should, 


therefore, to a good approximation depend directly upon the amount of 
soil present. 








TABLE 4.—SUMMARY OF EXPERIMENTAL AND CALCULATED pH VALUES 


pH Values 





Soil/water 0.25 0.40 1.00 2 00 3.40 
- ta (| i 1 Cel Exp. | Cal. | Exp. | Cal , Cal. | Cal 
hae tae 1 7 i meres 

1 5.16 | 5.11 | 5.03 | 5.06 | 4.97 | 4.93 | 4.81 | 4.72 
2 4.95 | 4.94 | 4.84 | 4.86 | 4.69 | 4.72 | 4.63 | 4.52 


TT 
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FicureE 1. Relationship between Ca?* plus Mg?* in solution and soil/water ratio. 


In view of the fact that pH-}p(Ca+Mg) is independent of the con- 
centration of CaCl, (8, and Table 2) and that a linear relation exists between 
the sum of the concentrations of Ca?+ and Mg?** and the soil/water ratio 
(Figure 1), it is possible to estimate the pH of a strongly acid soil at any 
soil/water ratio desired. To do this the value of K in equation (2) should 
be determined with a CaCl concentration of 5X10-* to 1010-* molar. 
The slope and position of the straight line in Figure 1 can be found by an- 
alysing for Ca?+ and Mg** together in the filtrates from two or three soil/ 
water ratios, in the absence of CaCl. The sum of the concentrations of 
Ca*+ and Mg?* can then be read from the figure for any desired soil/water 
ratio. The value of (Ca+Mg) is calculated by means of the Debye-Huckel 
equation for activity coefficients as done by Schofield and Taylor (8). 
When the values K and (Ca+Mg) are substituted into equation (2) and 
the equation solved for pH the desired result is obtained. This was done 
for the three soils and the results, along with the available experimental 
pH values for comparison, are summarized in Table 4. The soil/water 
ratio of 3.40 was taken to represent a moist condition which could obtain 
under field conditions. The calculated values for this ratio show that the 
pH drops about 0.2 pH units in going from a soil/water ratio of 1 to moist 
field conditions. This change was about the same with the three soils 
even though their salt concentration differed greatly (Figure 1). At the 
soil/water ratios where reproducible pH values could be obtained, the cal- 
culated and observed values agreed very well. This might not happen with 
soils less coagulated than the ones used in these experiments. 
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